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PBELIMINABY STATEMENT. 

This is the second appeal in this case. The Court ren¬ 
dered its opinion on the first appeal on December 6, 1943. 
.... U. S. C. A., D. C.; 139 Fed. (2nd) 372. That ap¬ 

peal was from a judgment of the Trial Court entered Octo¬ 
ber 27, 1942 dismissing the complaint. Findings of Fact 
and Conclusions of Law upon which that judgment was 
based are found at Pages 7-11 of the Appendix in case No. 
8408, which by order of the Court becomes a part of the 
Record on this appeal. 

The mandate of this Court was entered on the docket of 
the District Court on December 21, 1943. Thereafter the 
District Court filed a memorandum opinion, February 14, 
1944 (App. p. 179), in which the Court concluded that the 
cited patents were “all antecedent to the plaintiff^s appli¬ 
cation^* and referring only to the cited patents was of 
opinion that there was no invention, and so found. Based 
upon that opinion. Findings of Fact and Conclusions of 
Law were presented to the Court and on March 29, 1944 
those Findings, submitted by counsel for the appellee, were 
adopted by the Court and on the same date he entered judg¬ 
ment dismissing the complaint (App. p. 183). The Record 
befbre the Court is now the same as that presented on the 
first appeal, except the Memorandum Opinion, Supple¬ 
mental Findings of Fact and Conclusions of Law and Judg¬ 
ment of the District Court, which were entered subsequent 
to the decision of this Court of December 6,1943. 

STATEMENT OF CASE. 

In this Court *s opinion on the first appeal it found that 
the application for patent in this case relates to methods for 
improving the operation of internal combustion engines, 
such as automobile engines, involving the use of anti-knock 
agents; and to products comprising motor fuels and anti¬ 
knock materials. The applicant's claims emphasize, par¬ 
ticularly, the use in combination of lead tri-methyl ethyl. 




lead di-methyl di-ethyl, and lead tri-ethyl methyl. The use 
of lead alkyls in gasoline to minimize knockiiig was old in 
the prior patented art bnt, prior to the present application, 
reliance had been placed npon lead tetra-ethyl, i.e. lead 
tetra-ethyl was used in approximately 85 per cent of the 
motor gasoline sold in this Country and in practically, all 
of aviation gasoline. 

In the prosecution of appellant’s application for a pat¬ 
ent in the Patent OflBce the Examiner cited and considered 
the following prior patents (Orig. App. p. 155 to 176 inclu¬ 
sive) : 


Sullivan et al. 
Voorhees 
Shappirio 
Midgley 


1,938,547, 
1,974,167, 
2,012,356, and 
1,573,846. 


The Patent Office Examiner originally held that some of 
these Patents contained subject matter which precluded 
Bartholomew’s claims from being patentable thereover. 
Upon argument and explanation by counsel the Examiner 
concluded that the subject matter claimed by the applicant 
was patentable over these four patents. These four pat¬ 
ents were cited thereafter as showing merely the state of 
the art. He finally rejected the applicant’s claims solely 
because the applicant did not present a claim suggested by 
the Examiner for purposes of interference. Having rejected 
the applicant’s claims upon that ground alone he thereby 
found that the claims were otherwise, patenteble. Upon ap¬ 
peal to the Board of Appeal of the Patent Office that Board 
sustained the action of the Examiner, and upon rehearing, 
specifically held that it did not find any ground for rejection 
other than that stated by the Examiner (App. p. 132). 

Thus we find that the Patent Office determined that the 
applicant’s claims were patentable over the prior patents 
and refused to give applicant a patent solely because of his 
failure to present the claim suggested by the Patent Office 
Examiner as stated in the opinion of this Court on the 
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first appeal. This negatives any inference that the Patent 
Office rejected the claims as nnpatentable over the prior 
patents. 

Thereafter, suit was filed in the District Court of the 
United States for the District of Columbia under Section 
4915 of the Revised Statute requesting that the Commis¬ 
sioner of Patents be authorized to issue a patent to the 
plaintiff (App. p. 2). In his answer the defendant con¬ 
tended that plaintiff was not entitled to a patent and relied 
upon the same grounds given by the Patent Office in re¬ 
jecting the claims (App. p. 6). The District Court, after 
trial, entered Findings of Fact and Conclusions of Law, 
sustaining the action of the Patent Office, i.e. denied a pat¬ 
ent to applicant solely because he failed to present the 
claim suggested by the Examiner (App. p. 7). 

Appeal was thereupon taken. The judgment of the Dis¬ 
trict Court was reversed and the case remanded. This 
Court, in reversing the judgment, ruled that both the Patent 
Office and the District Court had erred in finding that appli¬ 
cant’s claims were unpatentable because of his refusal to 
present the suggested claim, as the su^ested claim did 
not constitute prior art. This Court thereby disposed of 
the only reason presented and relied upon by the Patent 
Office for denying a patent to the applicant. 

Upon further consideration the. District Court held that 
the subject matter of plaintiff’s claims was unpatentable 
over the prior patents (App. p. 179). In its opinion the 
District Court did not show wherein the claims of the Plain¬ 
tiff lack invention over the four cited patents; nor do the 
Findings of Fact and Conclusions of Law aid this Court 
with respect thereto. 

In its findings and determination on the merits, as directed 
by this Court, the District Court considered only the testi¬ 
mony and evidence which was before it at the time the first 
judgment was entered. The latest judgment, from which 
we here appeal, overruled the experts of the Patent Office 
who had found that the plaintiff’s claims were patentable 
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over the same patents. This, despite the fact that no evi¬ 
dence was introduced to support the judgment of the Dis¬ 
trict Court that the subject matter was unpatentable over 
those patents. There is, therefore, no evidence in the record 
to support the Findings of Fact of the Court below as to 
lack of patentability. 

STATUTES INVOLVED. 

The pertinent parts of the statute giving jurisdiction are 
as follows (Rev. Stat. Sec. 4915, 35 U. S. C. Sec. 63): 

** Whenever a patent on application is refused by the 
Board of Appeals * * *, the applicant, unless appeal 
has been taken to the United States Court of Customs 
and Patent Appeals, and such appeal is pending or has 
been decided, in which case no action may be brought 
under this section, may have remedy by bill in equity, 
if filed within six months after such refusal or deci¬ 
sion ; and the Court having cognizance thereof, on notice 
to adverse parties and other due proceedings had, may 
adjudge that such applicant is entitled, according to 
law, to receive a patent for his invention, as specified 
in his claim or for any part thereof, as the facts in the 
case may appear. Amd such adjudi.cation, if it be in 
favor of the right of the applicant, shall authorize the 
commissioner to issue such patent on the applicant fil¬ 
ing in the Patent OflSce a copy of the adjudication and 
otherwise complying with the requirements of law.*^ 

The pertinent parts of the statute having to do with pat¬ 
entability are as follows (Rev. Stat. Sec. 4886, 35 U. S. C. 
Sec. 31): 

**Any person who has invented or discovered any 
new and useful art, machine, manufacture, or composi¬ 
tion of matter, or any new and useful improvements 
thereof, * * * not known or used by otJbers in this coun¬ 
try, before his invention or discovery thereof, and not 
patented or described in any printed publication in 
this or any foreign country, before his invention or 
discovery thereof or more than two years’ prior to his 
application, unless the same is proved to have been 
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abandoned, may, npon payment of the fees required 
by law, and other due proceeding had^ obtain a patent 
therefor.’’ u 

BABTHOLOMEW’S INVEimON. 

We think that it will be helpful at this point to explain 
Bartholomew’s invention, how it arose, and also its novelty 
and utility over the prior art as disclosed and defined in 
the Appendix, includmg his testimony and Exhibits. 

The invention relates to methods for improving the oper¬ 
ation of internal combustion engines, such as automobile 
engines, involving the use of anti-knock agents; and to prod¬ 
ucts comprising motor fuels and anti-knock materials. All 
the claims emphasize, particularly, the use in combination 
of lead tri-methyl ethyl, lead di-methyl di-ethyl, and lead 
tri-ethyl methyL Prior to applicant’s invention reliance, 
had been placed, mainly, upon tetra-ethyl as an anti-knock 
agent. 

When appellant’s assignor Bartholomew first joined the 
appellant company in 1926 anti-knock was used only to a 
small degree. At the time he made his invention, lead tetra¬ 
ethyl was in extensive commercial use in motor fuel sold in 
this country and in practically all aviation gasoline (App. p. 
15). The premium product is marketed as Ethyl gasoline 
but, in addition, almost all regular grades of gasoline con¬ 
tain lead tetra-ethyL 

Midgley had invented lead tetra ethyl anti-knock motor 
fuel.' His patent No. 1,573,848, dted in the Commissioner’s 
answer, stated some of the evils of engine knocking, as fol¬ 
lows (App. 155, p. 1, lines 44-58): 

\ 

“Kerosene, gasoline and the heavier hydrocarbons 
have the characteristic that, when a combustible gas¬ 
eous mi^ure containing o ne of t hese fuels and air is 
burned in an intemal-coml;;:;^^^!! engine while sub¬ 
jected to a relatively high pressure, a fuel knock is 
produced, the engine heats rapi^yy the efficiency of the 
engine is reduced and, if the mitial pressure is very 
high, engine parts may he injured. The highest pres- 
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sure at which a mixture may be burned in a cylinder 
without producing a fuel knock varies with the different 
fuels and, to some extent, with the temperature, posi¬ 
tion of spark plugs and other conditions within the 
engine.*’ 


What causes knocking when no anti-knock; agent is used, is 
not yet known (App. 15). 

In 1935, plaintiff received complaints from a number of 
its dealers that engines using fuel containing lead tetra¬ 
ethyl were knocking. Bartholomew and his associates made 
surveys to determine whether some of the Ethyl gasolines 
on the market were in fact inferior, but according to the 
standard laboratory test niethod then in use, they were 
not inferior. Finally cars and samples of the gasoline 
were obtained from the complainants. Bartholomew and 
his associates found that the fuels which were the offenders 
were in every respect up to the standard which they had set 
for the fuel by the then known standard test apparatus. 
Nevertheless by road tests, they confirmed the dealer’s con¬ 
tention that the fuels complained of did produce knocking 
(App. p. 17). 

Bartholomew frequently discussed the problem with 
Midgley, the inventor of Ethyl gasoline referred to above; 
Hawley, assistant director of plaintiff’s engineering labo¬ 
ratory ; and Cdlmgaert, who is director of plaintiff’s chemi¬ 
cal research laboratory. They were quite concerned about 
the situation. They made a number of tests with the then 
standard test apparatus. Some of Bartholomew’s asso¬ 
ciates suggested that the laboratory was using incorrect 
speed, or incorrect spark advance, or improper tempera¬ 
ture, because those are factors that influence engine knock¬ 
ing. It was suggested that a very extensive study of varia¬ 
tions of those factors of engine operation be made to see 
whether it might be possible to find some combination of 
them which would cause the then standard test apparatus 
to rate the fuels in accordance with their performance on 
the road. A very large program of such routine tests was 
carried out without any result that threw any light on the 
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problem that confronted them; they got nowhere (App. p. 
18, bottom, p. 19). 

The problem was both serious and complex. Besides the 
complexities involved, two factors had to be kept in mind 
throughout. One is cost to the consumer. If too much lead 
is used, it costs the consumer too much. The other is im¬ 
posed by an agreement with the Surgeon General of the 
United States, made many years ago, to limit the amount 
of lead used in gasoline for civilian purposes to a maximum 
of three cubic centimeters of lead tetra-ethyl per gallon 
(3,875 C.C.) of gasoline (App. p. 16, bottom, p. 17). 

Bartholomew, knowing that engine design had been mate¬ 
rially changed, conceived that the changed design caused 
imperfect distribution of the fuel to the different cylinders 
of the engine. It was his conception that the air, being quite 
light, would be distributed uniformly to the different cylin- 
deirs, and that, for the same reason, the portion of the gaso¬ 
line that was vaporized in the manifold would be distributed 
uniformly to the different cylinders, but that the liquid, i.e. 
unvaporized, portion of the gasoline would be subject to 
many influences which would prevent its equal distribution 
to the different cylinders (App. p. 20, middle). 

Bartholomew conceived that one cylinder was getting 
its I normal share of gasoline and lead tetra-ethyl, another 
was getting less than its share and still another was getting 
more than its share (App. p. 20, bottom). The 
prior concept had been that the knocking occurred 
in the cylinder getting more than its share of 
gasoline because the unvaporized part of the fuel 
which went to this cylinder had poor anti-knock properties. 
Bartholomew conceived the original ideas that the low 
speed knocking occurred in the cylinder receiving a lecm 
mixture of good anti-knock fuel constituents (App. 22), and 
that the mixture ratio of fuel to air had a greater effect on 
engine knocking than the anti-knock value of the fuel (App. 
96)'. The then known test methods and apparatus were not 
capable of confirming these concepts. Bartholomew devised 
new apparatus and methods. With this apparatus he could 
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simultaneously determine the leanness or richness of a mix¬ 
ture in any one cylinder of a multi-cylinder engine and the 
presence or absence of knocking in that cylinder. With this 
apparatus and these methods he proved his concepts to be 
true (App. p. 29). 

However, knocking during poor fuel distribution oc¬ 
curred only during low speed operation. Under conditions 
of good fuel distribution knocking may occur among all 
the cylinders due to engine compression, temperature of the 
engine, position of spark plugs, etc. This is called high 
speed, or uniform fuel distribution, knocking. The periods 
of engine operation when there is good fuel distribution are 
much longer than the periods of engine operation when 
there is poor fuel distribution. During periods of good 
fuel distribution the engine tends to be quite critical of 
small differences in anti-knock value of the fuel fed to it, 
and any deficiency of anti-knock value under this condition 
of operation is felt quite perceptibly by the engine (App. 
p. 43). 

Bartholomew then conceived the idea that mixtures con¬ 
sisting primarily of the three lead alkyls, lead tri-methyl 
ethyl, lead di-methyl di-ethyl and lead tri-ethyl methyl could 
he made which would reduce the knocking during low speed 
operation to a minimum while maintaining good operating 
conditions at high speed (App. pp. 50-52, 56). His new 
apparatus and methods proved his concepts. He was there¬ 
upon able to'construct new curves (App. pp. 49-50), such as 
E and F, Fig. 4 (App. p. 110), which serve as guides in 
choosing mixtures to meet specific conditions of engine oper¬ 
ation. 

The claims at bar define, and are limited to these mixtures 
as was recognized by this Court in the first paragraph of the 
opinion on the previous appeal. 

Other anti-knock compounds may be used in small quan¬ 
tities without materially varying the effectiveness of mix¬ 
tures of the three lead alkyls specifically claimed. Lead 
tetra-methyl is such a ‘^bad actor” that the specification 
warns the public concerning its use. From a theoretical 
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standpoint it is the lowest boiling of the lead alkyls and so 
should be the most useful in very cold weather. Bartholo¬ 
mew warns not to use over fifteen per cent of lead tetra- 
methyl in his added material even in the coldest weather 
(App. pp. 101-102). 

The prior patents before the Court are as follows: 

(1) Midgley, No. 1,57-3,846, applied for in April 1922, 

(2) Sullivan et al.. No. 1,938,547, applied for in March 
1932, 

(3) Voorhees, No. 1,974,167, applied for in September 
1932, and 

(4) Shappirio, No. 2,012,356, applied for in November 
1932. 

The prior patent disclosures are but imperfectly and par¬ 
tially set forth in present Findings Nos. 7 to 10 inclusive 
(App. pp. 181,182). These actual disclosures are fully ex¬ 
plained by Bartholomew, without contradiction, in his tes¬ 
timony (App. pp. 74-79). None of the prior patents taught 
or even suggested the combination recited in any of Bar¬ 
tholomew’s claims (App. p. 78). None of them taught or 
even' suggested limiting the mixture to the five lead alkyls, 
i.e. tetra methyl and tetra-ethyl and the three intermediate 
ones; much less did they teach or even suggest that the 
three intermediate ones should constitute the primary in¬ 
gredient. The Sullivan, Voorhees and Shappirio patents do 
not contain any guide of any kind for choosing a mixture 
of lead alkyls. They are concerned entirely with the manu¬ 
facture of organo-metallic compounds, in some cases lead 
compounds only, without direction as to their selection and 
use. The Sullivan, Voorhees and Shappirio patents have 
to do with special ways of manufacturing a wide range of 
organo-metallic compounds by special treatment of the 
gasoline itself, as distinguished from the usual way of mak¬ 
ing them separately and then adding them to the gasoline 
(App. p. 78). In none of them is there any selection pro¬ 
posed of a number for any purpose out of the wide range 
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of the named substances. Midgley does not disclose in bis 
patent the nse of mixtures of two or more of lead alkyls 
(App. p. 79). 

The testimony and evidence establish that Batholomew’s 
claimed combination of elements is new; was arrived at by 
departing from all thought processes, test apparatus and 
test methods previously known; was unobvious to those 
skilled in the art; and produces new results of benefit to 
the public. 


STATEMENT OF PODITS. 

1. Applicant’s claims define invention over the prior 
patents. 


SUMMARY OF ARGUMENT. 

This action was brought under section 4915 of the Re¬ 
vised Statutes, 35 U. S. C., section 63, to authorize the Com¬ 
missioner of Patents to issue a patent to the appellant. The 
invention, which is the subject of this case, consists of a 
mixture of certain lead alkyls designed to improve the 
method of operating internal combustion engines by stop¬ 
ping the knocking in such engines under over-all operating 
conditions, i.e., throughout the entire range of operating 
conditions. Bartholomew, the applicant in the Patent Of¬ 
fice, the assignor of appellant, when advised that such en¬ 
dues in about the year 1935 when using fuel containing the 
then used anti-knock ingredient (lead tetra-ethyl) were 
knocking, set about to correct that condition, which was a 
serious one to the automobile industry. Many months of 
fruitless study, experimentation and tests by the then known 
' standard apparatus and methods did not solve the prob¬ 
lem. He then conceived the idea that such knocking was 
due to a character of distribution of fuel and anti-^ocks 
to the engine cylinders which was theretofore unknown. 
This was an original concept and idea. It was his own. 
He then devised new test apparatus and methods and began 
his experimentation with the so-called lead alkyls and 


12 


proved that his concept was correct. He then invented the 
mixtures of the lead alkyls described and claimed in his 
application to solve this new problem. 

The patentability of the subject matter of the invention 
over the prior patents was conceded by the Examiner when, 
asserting* that he was acting under Patent Office Rule 96, 
he formulated and presented the suggested claim. The Dis¬ 
trict Court did not in its first opinion find the applicant's 
claims to be unpatentable over the prior patents. 

In our principal argument we will show to the Court that 
Bartholomew’s invention is patentable over the prior pat¬ 
ents and that the Patent Office was right in that respect. 

ARGUMENT. 

The record shows that the experts in the United States 
Patent Office concluded that the subject matter of these 
claims was patentable over the prior patents. The pre¬ 
sumption is, therefore, that they are patentable. There 
is no evidence to the contrary except the disclosures of the 
four prior patents. The District Court did not hold 
them unpatentable in its first opinion, and this Court 
did not hold them unpatentable in its opinion of December 
6, 1943. The memorandum opinion of the Court below, 
entered February 14,1944 (App. p. 179), upon which judg¬ 
ment was entered on March 29, 1944 (App. p. 183), now 
holds that the claims are unpatentable over the prior pat¬ 
ents. iThe District Court thus overrules the experts in the 
Patent Office on the question of the patentability of the sub¬ 
ject matter over the prior patents and this, without any 
decision of the Patent Office to that effect, or supporting 
evidence other than the prior patents themselves, which 
lack altogether the disclosure of what is claimed as new in 
the application. 

The Findings of Fact entered by the Court below are sub¬ 
stantially the same as those entered prior to the first appeal, 
excluding those relating to the suggested claim and the 
addition of Findings of Fact Nos. 15 and 16 relating to un¬ 
patentability over the prior patents. Findings of Fact Nos. 
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.11 to 16 inclusive find no support in the record and are 
clearly erroneous. The fact is that all the evidence shows 
that the applicant’s claims are patentable over the prior 
patents. The Findings of Fact 11 to 16 inclusive, were pre¬ 
pared by coimsel for the Appellee and **mechanically” 
adopted by the Trial Justice over the objection of appel¬ 
lants, as was stated—and condemned—^in Umted States v. 
Forness, 125 Fed. (2nd) 928,942. (2 C. C. iL January 1942). 

It is clear from the record that Bartholomew’s combina- 
tionii>f elements is new. He arrived at that combination, 
as a 'insult of his original concepts and by departing from 
all theretofore known thought processes, test apparatus and 
methods. The invention as set forth in the claims was un¬ 
known to the art. It produces new results, in a new way, 
and of great benefit to the public. It is, therefore, patent- 
able. See Loom Compamy v. Higgins, 105 U. S. 580, 591- 
592; WUliams Manufacturing Co, v. United Shoe Machinery, 
316 U. S. 364, 86 Law Ed. 1537; Electron^, Inc,, et al, v. Coe, 
69 App. D. C. 181, 99 Fed. (2nd) 414; Levin v. Coe, Ct. Ap¬ 
peals D. C. No. 8108,76 U. S. App. D. C. 347; 132 Fed. (2nd) 
589; Gasoline Products Compa/ny, Inc,, v. Coe,, 66 App. 
D. C. 333, 87 Fed. (2nd) 550, 556. 

In this case the appellant finds itself in the novel, but not 
unpleasant, position of defending the action of the Patent 
Office in holding that these claims are patentable over the 
prior art, viz., the four cited patents. Counsel for the ap¬ 
pellee finds himself in the most unusual position of attempt¬ 
ing to convince this Court that the Patent Office was wrong 
in holding that these claims are patentable. He takes this 
position notunthsta/nding the fact that the Patent Office has 
recently issued two patents relating to the same general 
subject matter, as he fra/nkly told this Court in oral argu¬ 
ment on the first appeal, which contam broader claims them 
those here al bar. This Court has unquestionably held that 
this appellant acted within its legal rights by refusing to 
present the claim suggested by the Examiner for interfer¬ 
ence purposes, and further held that claim not to be prior 
art. Had not the Examiner made that suggested claim this 


appellant would long since have obtained its patent. The 
appellee having been defeated in his effort to prevent this 
appellant from obtaining its patent on the theory that the 
applicant had disclaimed the ^subject matter of his inven¬ 
tion by refusing to make the suggested claim, now shifts his 
position and rests his case upon the proposition that the 
claims are unpatentable over the cited patents. The first 
time he took this position was before the Court below after 
this Court had rendered its opinion of December 6,1943. 

iln the recent opinion of this Court in Potts et al. 

—^U. S. C. A., D. C.—;140 Fed. (2nd) 470, the Court \^Sit to 
great length in defining what is a patentable invention, and 
what is routineering or experimentation, in corporate re¬ 
search and test laboratories. In that case the Court held 
that the appellant’s claims represented a combination of 
ideas disclosed in former patents thereby upholding the 
Phtent Office and the District Court. The facts in that case 
as regards routineering are entirely different from those 
here presented. In the instant case the use of all known 
test apparatus and methods wholly failed to solve 
the problems with which Bartholomew was confronted. 
Thereafter, Bartholomew, by his individual concepts and 
achievement, apart from anything known to the art, and 
after evolving new thoughts as the fundamentals of a prob¬ 
lem to be dealt with, made his invention. This was indi¬ 
vidual inventive achievement. It comes within that class 
defined by the Temporary National Economic Committee of 
193S as: 

‘‘First, creations which exhibit individual insight 
• • •.» (Footnote, pages 4-5, Potts et al, v. Coe, 
supra,) 

s 

Any inference that Bartholomew’s invention is the result 
of 'experimentation in the use of any existing knowledge is 
completely rebutted in the record. In the circumstances of 
this case, i.e. having in mind the nature of Bartholomew’s 
invention and the intelligent guides that the application 
gives in each instance to those skilled in the art, we submit 
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that the claims are entirely definite in form and patentable 
over the cited patents. Procter <md Gamble Co, v. Refining 
Co., 135 Fed. (2nd) 900; Minerals Separation v. Hyde, 242 
U. S. 261, 271, 37 S. Ct. 82, 61 Law Ed. 286; Motor Improve¬ 
ments Inc., et al. v. General Motors Corporation, 49 Fed. 
(2nd) 543 (C. C. A. 6th); Merrell^Sovle Co. v. Northland 
Dairy Compam/y, 28 Fed. (2nd) 924,927 (C. C. A. 6th). 

As this Conrt stated in its prior opinion, the application 
related to methods for improving the operation of internal 
combustion engines involving the use of anti-knock agents; 
and to products comprising motor fuels and anti-knock ma¬ 
terials. Appellee argues, without support from the record, 
that the claims relating to the method for operating in¬ 
ternal combustion engines (process claims 1-4 inclusive) 
define the ordinary operation of an engine and are there¬ 
fore unpatentable. The application is replete with state¬ 
ments concerning the improving of engine operation. The 
most important part of engine operation is the control of 
the combustion of a mixture of gasoline and air under high 
compression. Combustion is a chemical reaction. Bartholo¬ 
mew’s invention produces a different control of combustion 
from that produced by the use of lead tetra-ethyl. The 
accepted mode for claiming a control of a reaction is by a 
method claim. The Patent Office Examiner accepted these 
process claims as properly defining the invention. 

CONCLUSION. 

■ The appellant’s claims are patentable over the cited 
patents. The Patent Office so held. Neither the District 
Court in its first opinion nor this Court on the first appeal 
held to the contrary. There is no evidence in the record 
of the trial of this case in support of a finding that the 
claims are not patentable. All of the evidence is to the 
effect that the claims are patentable. The invention is the 
individual achievement of Bartholomew amd is not the re¬ 
sult of corporate laboratory research or step by step prog¬ 
ress of an entire group. It is the product of an individual, 
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inventive ability. It follows that the judgment of the Dis¬ 
trict Court should he reversed. 

Respectfully submitted, 

Dbury W. Coopeb, 

• c/o Cooper, Kerr and Dunham, 
I 233 Broadway, 

New York 7, New York, 

A. K. Shipe, 

1031 National Press Building, 
Washington 4, D. C., 
Attorneys for Appellant 
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IN THE 


United States Court of Appeak 

Distkict of Columbia. 


No. 8760 


ETHYL GASOLINE COEPORATION, Appellant, 


V. 

# 

CONWAY P. COE, AND/OR HIS SUCCESSOR IN 
OFFICE, COMMISSIONER OF PATENTS, 

Appellee. 


Appeal from the District Court of the United States for the 

District of Columbia. 
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L 

i PLEADINGS, DOCKET ENTRIES AND OTHEE 
I PAPERS DESIGNATED. 

1 . Endorsed: Filed Jan. 30,1941. Charles E. Stew¬ 

art, Clerk. 

i In the District Court of the United States 
For the District of Columbia 

Civil Action 

- No. 9986 

Ethyl Gasoline Corpobation, Chrysler Building, 42nd & 

I Lexington Ave., New York, New York, Plaintiff, 

V. 

Conway P. Coe and/or his Successor in Office, Commissioner 
OF Patents, Washington, D. C., Defendant, 

Complaint for Issuance of United States Letters Patent 

Plaintiff, Ethyl Gasoline Corporation, brings this, its bill 
of complaint against defendant, Conway P. Coe, and/or his 
successor in office, Commissioner of Patents, and alleges: 

I. That plaintiff. Ethyl Gasoline Corporation, is a corpo¬ 
ration organized and existing under the laws of the State 
of Delaware, and has a regular and established place of busi-' 
ness at Chrysler Building, New York City, in the County of 
New York, and State of New York; and that defendant Con¬ 
way P. Coe, is Commissioner of Patents of the United States 
and that his office is at Washington, D. C. within the juris¬ 
diction of this Court. 

n. The jurisdiction of this Court depends upon the Pat¬ 
ent Laws of the United States this complaint being filed un¬ 
der Section 4915, Revised Statutes (Comp. Stats. 9460; 
Ul S. C. Title 35, Section 63), as amended by Act of March 
2,1927. 

2 nL The plaintiff. Ethyl Gasoline Corporation, is, 
by an assignment in writing executed September 1, 

1936, and recorded in the United States Patent Office on 
September 4,1936, in Liber Z-167, at Page 118 of the Trans- 
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fers of Patents, the sole owner of the entire right, title, and 
interest in an application for United States Letters Patent 
of Earl Bartholomew, for Improvements in Method and 
Means for Improving Engine Operation, filed in the United 
States Patent Office on September 4,1936, Serial No. 99,497, 
and the improvements disclosed and claimed therein. 

IV. The Board of Appeals of the United States Patent 
Office in a decision rendered on October 15, 1940 and in a 
clarifying decision dated November 14,1940, refused to al¬ 
low fourteen claims of said Earl Bartholomew application 
Serial No. 99,497. 

V. The said fourteen claims in said Earl Bartholomew 
application Serial No. 99,497, which the Board of Appeals 
of the United States Patent Office refuses to allow, are as 
follows: 

1. The method of operating an internal combustion en¬ 
gine which comprises forming a combustible mixture of a 
motor fuel and air compressing the mixture to a compres¬ 
sion pressure greater than the critical compression pres¬ 
sure of the motor fuel and burning the mixture together 
with a primary antiknock agent comprising a mixture of 
lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead tri¬ 
ethyl-methyl. 

2. The method of operating an internal combustion en¬ 
gine which comprises forming a combustible mixture of a 
motor fuel and air, compressing the mixture to a compres¬ 
sion pressure greater than the critical compression pres¬ 
sure of the motor fuel and burning the mixture together 
with a primary antiknock agent comprising a mixture of 
lead tri-methyl-ethyl, lead di-methyl di-ethyl and lead tri¬ 
ethyl-methyl in which antiknock mixture the lead dimethyl 

diethyl predominates. 

3 2. The method of operating an internal combustion 

engine which comprises forming a combustible mix¬ 
ture of a motor fuel and air, compressing the mixture to a 
compression pressure greater than the critical compression 
pressure of the motor fuel and burning the mixture together 
with a primary antiknock agent comprising a mixture of 


lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead tri¬ 
ethyl-methyl; and lead tetraethyl the concentration of the 
lead being greatest in the lead triethyl methyl and lead 
tetra-ethyl. 

4. The method of operating an internal combustion engine 
which comprises forming a combustible mixture of a motor 
fuel and air, compressing the mixture to a compression pres¬ 
sure greater than the critical compression pressure of the 
motor fuel and burning the mixture together with a primary 
antiknock agent comprising a mixture of lead tri-methyl- 
ethyl, lead di-methyl, di-ethyl, and lead tri-ethyl-methyl; and 
lead tetramethyl in a concentration not exceeding fifteen 
percent, 

5. A product comprising a motor fuel and an antiknock 
material having as its primary antiknock component a mix¬ 
ture of lead tri-methyl-ethyl lead di-methyl di-ethyl and 
lead tri-ethyl-methyl. 

6. A product comprising a motor fuel and a primary anti¬ 
knock agent consisting of lead tri-methyl-ethyl, lead di¬ 
methyl di-ethyl, and lead tri-ethyl-methyl. 

7. A product comprising a motor fuel and an antiknock 
material having as its primary antiknock component a mix¬ 
ture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and 
lead tri-ethyl-methyl, in which mixture the concentration of 
lead dimethyl diethyl predominates. 

8. A product comprising a motor fuel and a primary anti¬ 
knock agent consisting of lead tri-methyl-ethyl, lead di¬ 
methyl di-ethyl, and lead tri-ethyl-methyl, in which the con¬ 
centration of lead dimethyl diethyl predominates. 

9. A product comprising a motor fuel and an anti-knock 
material having as its primary anti-knock component a mix¬ 
ture of lead tri-methy-ethyl lead di-methyl di-ethyl, and 
lead tri-ethyl-methyl, and lead tetramethyl in a concentra¬ 
tion not exceeding fifteen percent. 

4 10. A product comprising a motor fuel and a pri¬ 

mary antiknock agent consisting of lead tri-methyl- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl, and 
lead tetramethyl in a concentration not exceeding fifteen 
percent. 
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11. A product comprising a motor fnel sind an antiknock 
agent comprising lead tri-methyl ethyl, lead dimethyl di¬ 
ethyl, lead triethyl methyl and lead tetraethyl and in which 
the greatest lead concentration is in the group consisting of 
lead triethyl methyl and lead tetraethyl 

12. A product comprising a mixture of a motor fuel, a 
primary antiknock agent consisting of lead tri-methyl-ethyl, 
lead di-methyl di-ethyl, and lead tri-ethyl-methyl; and lead 
tetramethyl and lead tetraethyl present in relatively small 
concentrations. 

15. A fuel einti-knock composition comprising a mixture 
of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead 
tri-ethyl-methyl and lead tetramethyl in a concentration not 
exceeding fifteen percent. 

16. A fuel anti-knock composition comprising a mixture 
of lead tri-methyl ethyl, lead dimethyl diethyl, lead triethyl 
methyl and lead tetraethyl with the greatest lead concentra¬ 
tion in the lead triethyl methyl and lead tetraethyl. 

VI. The defendant, Conway P. Coe, and/or his successor 
in office. Commissioner of Patents of the United States, by 
the aforesaid decision of the Board of Appeals in the United 
States Patent Office, has refused and still refuses to grant 
letters patent of the United States to the plaintiff, Ethyl 
Gasoline Corporation, as assignee of said Earl Bartholo¬ 
mew on his application Serial No. 99,497, including said 
fourteen claims recited in Paragraph V hereof. 

Vn. The said decision of the Board of Appeals was ren¬ 
dered on or about October 15,1940, and within six months 
last past, and no appeal has been taken from said 
5 decision of the Board of Appeals to the United States 
Court of Customs and Patent Appesils, and no such 
appeal is pending or has been decided. 

Wherefore, the plaintiff. Ethyl Gasoline Corporation, 
prays that this Honorable Court determine that plaintiff. 
Ethyl Gasoline Corporation, is entitled to the grant of let¬ 
ters patent, on said application Serial No. 99,497, embodying 
said claims 1 to 12, inclusive, 15 and 16, and that this Hon- 
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orable Court authorize and direct the Commissioner of Pat¬ 
ents to issue to plaintiff, Ethyl Gasoline Corporation, letters 
patent of the United States, on said application Serial No. 
99,497, embodying said claims 1 to 12, inclusive, 15 and 16, 
upon the filing in the United States Patent Office of a certi¬ 
fied copy of such adjudication and upon compliance with the 
requirements of the law for such cases made and provided. 

ETHYL GASOLINE CORPOEATION, 
I By EDWIN R. HUTCHINSON, 

Attorney for Plaintiff, 

! Munsey Building, 

Washington, D. C. 

JOE W. MORRISON, 

30 Rockefeller Plaza, 

New York, N. Y. 

H. FRANK WIEGAND, 

233 Broadway, 

New York, N. Y. 

Of Counsel. 


6 ! Answer to the Complaint. 

To the Honorable the Justices of the District Court of the 

! United States for the District of Columbia. 

I, II, HI, IV, V, VI, VII. Defendant admits the allega¬ 
tions of paragraphs I to VII, inclusive, but denies that the 
plaintiff. Ethyl Gasoline Corporation, is entitled to the grant 
of letters patent on the application of Earl Bartholomew, 
Serial No. 99,497, embodying claims 1 to 12, inclusive, 15 and 
16 since it is deemed that the said claims are not patentably 
different from a claim that was suggested to plaintiff for 
interference purposes, under the penalty that failure to as¬ 
sert the same would be considered a disclaimer of the sub¬ 
ject matter thereof, which suggested claim plaintiff failed 
to assert and thereby disclaimed; and since it is further 
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deemed that the said claims are also unpatentable in view 
of the following prior patents: 


Sullivan et al., 
Voorhees, 
Shappirio, 
Midgley, 


1,938,547, Dec. 5, 1933, 
1,974,167, Sept. 18, 1934, 
2,012,356, Aug. 27, 1935, 
1,573,846, Feb. 23, 1926, 


7 all for the reasons given in the statement of the ex¬ 
aminer in answer to the appeal and the decisions of 
the Board of Appeals, copies of which.yrill be furnished at 
the trial. 

Profert of copies of the foregoing patents is hereby made. 


W. W. COCHRAN, 

Solicitor, U. S. Patent Office, 
Attorney for Defendant, 

February 8,1941. 


I hereby certify that a copy of this Answer was mailed to 
the attorney for plaintiff on February 8, 1941. 


W. W. COCHRAN, 

Solicitor, 




143 Findings of Fact, 

1. This is an action under Section 4915 R. S. (U. S. C., 
title 35, sec. 63) in which plaintiff, the assignee of the pat¬ 
ent application of Earl Bartholomew, Serial No. 99,497, 
seeks a judgment which would authorize defendant, the Com¬ 
missioner of Patents, to issue a patent including claims 1 
to 12, inclusive, 15 and 16 of said application. 

2. The application was filed in the Patent Office on Sep¬ 
tember 4,1936, and relates to method and means for improv¬ 
ing engine operation and involves the use in the fuel of mix¬ 
tures of some or all of the following lead albp^ls, lead tetra- 
methyl, lead tri-methyl ethyl, lead di-methyl di-ethyl, lead 
methyl tri-ethyl, and lead tetra-ethyl. 
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3. Claims 1, 2, 3 and 4 of the application recite a method 
of operating an internal combustion engine. Claim 1 reads 

as follows: 

144 1. The method of operating an internal combustion 

engine which comprises forming a combustible mix¬ 
ture of a motor fuel and air, compressing the mixture to a 
compression pressure greater than the critical compression 
pressure of the motor fuel and burning the mixture together 
with a primary antiknock agent comprising a mixture of 
lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead tri¬ 
ethyl-methyl. 

4. Claims 5 to 12, inclusive, of the application, recite a 
product comprising a motor fuel containing the anti-knock 
lead alkyl compounds. Claims 5 and 12 read as follows: 

5. A product comprising a motor fuel and an antiknock 
materia having as its primary anti-knock component a mix¬ 
ture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and 
lead tri-ethyl-methyL 

12. A product comprising a mixture of a motor fuel, a pri¬ 
mary antiknock agent consisting of lead tri-methyl-ethyl, 
lead di-methyl di-ethyl, and lead tri-ethyl-methyl; and lead 
tetramethyl and lead tetraethyl present in relatively small 
concentrations. 

' 5. Claims 15 and 16 of the application recite an anti-knock 
composition comprising the lead alkyl compounds. Claim 
15 reads as follows: 

15. A fuel anti-knock composition comprising a mixture of 
lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead tri- 
ethyl-methyl and lead tetra-methyl in a concentration not 
exceeding fifteen percent. 

6. Claim 1 of the application specifies: 

“ • • • a primary antiknock agent comprising a mixture of 
lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead tri¬ 
ethyl-methyl.’’ 

Likewise claims 2, 5, 6, 7 and 8. None of these claims men¬ 
tions either lead tetra-ethyl or lead tetra-methyl. Claims 2, 
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7 and 8 additionally require that “lead di-methyl di-ethyP* 
is the predominating one of the three named. Claim 3 spec¬ 
ifies: 


“ • • • a primary antiknock agent comprising a mixture of 
lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead 
145 tri-ethyl-methyl; and lead tetra-ethyl the concentra¬ 
tion of the lead being greatest in the lead tri-ethyl 
methyl and lead tetra-ethyl.’* ^ 

Likewise claims 11 and 16. The only claims that mention 
lead tetra-methyl are claims 4, 9, 10, 12 and 15. Claim 4 
specifies: 

“ • • • a primary antiknock agent comprising a mixture 
of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead 
tri-ethyl-methyl; and lead tetra-methyl in a concentration 
not exceeding fifteen percent.” 

Likewise claims 9,10 and 15. Claim 12 specifies: 

“ • • • a primary antiknock agent consisting of lead tri¬ 
methyl-ethyl, lead di-methyl di-ethyl, and lead tri-ethyl- 
methyl; • • 

being in that respect like the other claims that specify those 
three as the primary ingredients, and claim 12 further 
states: 


“ • • * and lead tetra-methyl and lead tetra-ethyl present 
in relatively small concentrations. 


Claim 12 is the only one of the claims that mentions all of 
the five lead alkyls lead tetra-methyl, lead tri-methyl-ethyl, 
lead di-methyl di-ethyl, lead tri-ethyl-methyl, and lead tetra¬ 
ethyl. Claim 12 specifies that the lead tetra-methyl shall 
be present only in relatively small concentration. 

7. The following prior patents disclose the use of lead 
alkyls in gasoline to minimize knocking: 


Sullivan et al., 
Voorhees, 
Shappirio, 
Midgley, 


1,938,547, Dec. 5, 1933, 
1,974,167, Sept. 18, 1934, 
2,012,356, Aug. 27, 1935, 
1,573,846, Feb. 23, 1926. 
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8. Claims 1, 2, 3, and 4 recite a conventional method of 
operating an internal combnstion engine, and recite also the 
nse of a mixture of certain lead alkyls as an anti-knock 
agent. The presence of such an anti-knock agent in the fuel 
does not cause the engine to operate by a method which is 
different from its method of operation when using previ¬ 
ously known anti-knock fuels. 

146 9. Claims 1, 2, 3 and 4 are unpatentable. 

10. The Patent Office Examiner found to be allow¬ 
able and suggested to the applicant Bartholomew for inter¬ 
ference with one or more other parties, a claim reading as 
follows: 

“Liquid fuel for internal combustion engines of the otto 
cycle multicylinder type comprising a mixture of hydrocar¬ 
bons of such varying volatility and forming such varying 
air^fuel ratios as to cause material variation in knocking 
tendency of the several cylinders in operation and contain¬ 
ing a small quantity of a mixture of volatile lead alkyls con¬ 
sisting of tetra-ethyl lead, tri-ethyl-methyl lead, di-ethyl di¬ 
methyl lead, ethyl tri-methyl lead, and tetra-methyl lead, 
whereby variation in separate cylinder knocking tendency is 
eliminated and the anti-knock value of the fuel is raised.’’ 

In suggesting this claim, the Patent Office Examiner notified 
the applicant Bartholomew that he was acting under Patent 
Office Buie 96 which provides that failure or refusal to make 
a suggested claim within the time specified shall be taken 
“as a disclaimer of the invention covered by that claim”. 

11. The applicant Bartholomew intentionally failed to 
make the suggested claim and did not seek any extension of 
the time prescribed by the Examiner and his application has 
not been placed in any interference. 

12. The Patent Office Examiner thereafter finally rejected 
the applicant’s claims solely because the applicant had failed 
to make the suggested claim. 

13. By failing to make the claim suggested by the Exam¬ 
iner, Bartholomew disclaimed the fuel defined by the sug¬ 
gested claim. 
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14. The fuel recited in the claim snggeshid by the Exam¬ 
iner to Batholomew contains all of the lead alkyls that are 
recited in the claims at bar. 

147 15. All of plaintiff’s claims, except claim 12, are 

broader in their statement of the ingredients of the 
anti-knock material than the suggested claim. In this re¬ 
spect claim 12 is of the same scope as the suggested claim. 

16. The use of the anti-knock material specified in plain¬ 
tiff’s claims does not eliminate entirely variation in separate 
cylinder knocking tendency but does reduce said tendency. 

17. The selection of the particular lead alkyls and the pro¬ 
portions thereof to be used in the fuel depend on climatic 
conditions, the particular type of engine being used, and 
other factors. The selection is made as a result of experi¬ 
mentation. 

18. There is nothing critical in the proportions of the in¬ 
gredients, more or less indefinitely recited in the claims at 
bar. 

19. The claims at bar are not patentable over the fuel de¬ 
fined by the claim suggested by the Examiner to Batholo¬ 
mew. 

Conclusions of Law. 

1. Plaintiff is not entitled to receive a patent containing 
any of claims 1 to 12, inclusive, 15 and 16 of the Bartholo¬ 
mew application at bar. 

2. The complaint should be dismissed as to all of said 
claims. 

MATTHEW F. McGUIRE, 

Justice. 


148 Judgment. 

This cause having come on to be heard and having been 
tried in open court and argued by counsel for the respective 
parties upon the pleadings and proofs adduced and sub¬ 
mitted to the Court, 
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It is Adjudged this 27th day of October, 1942, that the 
complaint in this case be, and the same hereby is dismissed 
with costs against the plaintijff. 


Approved as to Form: 


MATTHEW F. McGUIBE, 

Justice. 


Attorney for Plaintiff.’ 

• • • # 


IL 

I TESTIMONY DESIGNATED BY APPELLANT. 

44 Evidence on Behalf of the Plaintiff 

Thereupon Earl Bartholomew was called as a witness for 
the plaintiff and, being first duly sworn, was examined and 
testified as follows: 

Direct Examination 

By Mr. Wiegand: 

Q. Please state yonr name, age, residence, and occnpa- 
tion. A. Name, Earl Bartholomew; age, 41; resi- 
44 dence, 2224 Yarmouth Road, Birmingham, Michi¬ 
gan; occupation, Director of Engineering Labora¬ 
tories, Ethyl Corporation. 

Q. That is the Ethyl Gasoline Corporation, which is the 
plaintiff here? A. Yes. 

Q. Would you please take a look at a certified copy of 
your application. Plaintiff ^s Exhibit 1? I show you the 
oath that was originally filed to that application. I believe 
that is page 25. Is that your signature on there (handing 
a document to the witness) ? A. It is. 

Q. You executed the application and it was your appli¬ 
cation? A. Yes. 
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Q. Please state what technical education yon have had 
and what some of your experience has been. A. I received 
a B. A. degree, Bachelor of Science in Mechanical Engineer¬ 
ing, Master of Science in Mechanical Engineering from the 
University of Oklahoma. I was employed for two years as 
instructor in mathematics and mechanical engineering at 
the University of Oklahoma; as an instructor in mechani¬ 
cal engineering for three years at Harvard University; 
after which I started to work for the Ethyl Gasoline Cor¬ 
poration and have been there ever since. 

Q. What did you do while you were at Harvard? Did 
you mention that? A. Well, at Harvard I was an instruc¬ 
tor in mechanical engineering, and, in addition, did certain 
research work, among the projects being investiga- 
46 tion of surface catalysis in combustion chambers of 
engines, investigation of orifices with respect to the 
effect of orifice geometry on the flow of oil. 

Q. When you first went with the plaintiff company did it 
have an engineering laboratory? A. No. I organized the 
engineering laboratory. 

Q. What kind of laboratory did it have when you first 
went there? A. Chemical only. 

Q. About how many engineers did the plaintiff have in 
its employ as of about the early part of 1941 or thereabouts, 
or as recently as you can remember? A. Well, approxi¬ 
mately fifty. 

Q. When did you leave Harvard to go with the plaintiff 
company? The year will be enough. A. 1926. 

Q. Now, during your experience with the company after 
you organized the engineering department when you went 
there, did your company and you yourself particularly have 
anything to do with any engine development work; and if 
so, will you just briefly tell us about what that was in the 
early days and up to the time you were making this inven¬ 
tion? A. Well, our research is devoted almost entirely to 
engine and fuel development. We have participated in the 
development of the high compression engine; also in the 
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development of the supercharged engine. We have stood 
in a peculiar relationship to the automobile industry. 
Hence, much of the development work which we have done 
has been in cooperation with the different automobile engi¬ 
neering departments. We have developed engines 
47 to be used for the rating of the anti-knock value of 
gasoline. 

Q. Do you happen to be a member of any engineering or 
technical societies; and if so, will you please state what 
they are? A. I am a member of the Society of Automotive 
Engineers and the American Society of Mechanical Engi¬ 
neers. 

Q. Have you ever written any papers on engines, fuels, 
and anti-knock agents or the like? A. Yes, a number of 
such papers. 

Q. Will you please briefly describe the operation of an 
Otto cycle multicylinder internal combustion engine? A. 
The Otto cycle engine is known as a four-cycle engine, be¬ 
cause the operations in connection with the burning of the 
fuel and development of power are carried out in four op¬ 
erations. Assuming that my hand represents the piston 
(indicating)— 

Q. That is to say, your fist? A. Yes, my fist. The first 
of the operations is the suction stroke. The piston moves 
downward into the cylinder, during which time the charge 
of air and fuel is drawn into the cylinder from the mani¬ 
fold or from the carburetor, if it happens to be a cylinder 
that has the carburetor attached directly thereto. On the 
next upward stroke of the piston the charge is compressed. 
At or near top dead center, the spark occurs, the charge is 
burned, driving the piston downward, the pressure exerted 
on the piston being transformed into power and being trans¬ 
mitted to the crankshaft, constituting the power stroke of 
the engine. On the final upward stroke of the piston the ex¬ 
haust products are expelled from the cylinder. 
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48 By the Conrt: 

Q. By the ‘‘charge’^ I take it you mean the mixture of 
fuel and air that is sucked in? A. Yes, your Honor. 

By Mr. Wiegand: 

Q. What causes knocking when no anti-knock is em¬ 
ployed? A. Well, that is something that has not yet been 
satisfactorily explained. We know many of the factors as¬ 
sociated with knock, but as yet there is no proof or no ex¬ 
planation of the exact cause of knock which is not subject 
to a lot of weaknesses. 

Q. Is knocking an engine problem or is it a fuel problem? 
A. Well, primarily it is a problem of engine operation, al¬ 
though the fuel problem does enter secondarily. 

Q. Would the same fuel produce knocking in all engines? 
A. No. 

Q. Would the same fuel produce knocking at all times 
and under all conditions in a single engine? A. No. 

Q. To what extent has lead tetraethyl been utilized com¬ 
mercially? A. When I made my connection with Ethyl Gas¬ 
oline Corporation it was used only to a small degree. Now, 
however, it is used in approximately 85 per cent of the 
motor gasoline sold in this country and in practically a 
hundred per cent of the aviation gasoline. 

Q. Had it come into rather extensive commercial use be¬ 
fore you made the invention that we are here dis- 

49 cussing? A. Yes, it was in quite extensive use at that 
time. 

By the Court: 

Q. By “ethyP’ do you mean gasoline that contains an 
ingredient of lead—in other words, that lead is one of the 
ingredients? A. Yes. There is marketed a premium prod¬ 
uct known as ethyl gasoline, but, in addition, almost all reg¬ 
ular grades of gasoline contain the anti-knock agent, of 
which lead is the active ingredient. 


16 


Q. Is that anti-knock lead denoted by the name ‘‘ethyl’’? 
A. I No, it is not known as ethyl gasoline, bnt simply as gas¬ 
oline containing lead. The premium product is known as 
ethyl, which is a higher quality product. 

Q. I was curious as a layman to have determined what 
the meaning is of the terms “tetramethyl, trimethyl, and 
dimethyl.” I assume that “tetra” means four, “tri” 
means three, and “ di ” means two. I can go back to my own 
experience with Greek and Latin to understand that. But 
I would like to have the terminology of “ethyl” and 
“methyl” explained, so I can understand. A. Yes, your 
Honor. The lead alkyls consist of the element of lead plus 
alcohol radicals. When I speak of lead tetramethyl, that 
means that in the molecule there is lead plus four radicals 
from methyl alcohol or wood alcohol, as it is sometimes 
known. 

Mr. Cochran. With the permission of counsel for the 
plaintiff, I am permitted to ask the witness a question. May 
I at this time ? I think it will help the very point your Honor 
made. 

Mr. Wiegand. Mr. Cochran has an explanation, 
50 chemically, and if the witness says it is correct, we 
agree to it. 

(Mr. Cochran handed the witness a diagram.) 

The Witness. Mr. Cochran has indicated the structure 
of them (handing a document to the Court). 

Mr. Wiegand. Has your Honor finished your inquiry? 

The Court. Yes. 

By Mr. Wiegand; 

Q. What are the factors, if any, that limit the amount of 
lead used in anti-knocks? A. Well, one factor is the eco¬ 
nomic one. 

Q. That is, cost? A. Cost. It is desirable to use as 
small a quantity as possible to achieve a given result. 

The other limitation is imposed by an agreement with the 
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Surgeon General made many years ago to limit the amount 
of lead used in gasoline for civilian purposes to a mayirmiTn 
of three c.c. of lead tetraethyl per gallon. 

Q. What is a c.c., just for the record! A. c.c. is a cubic 
centimeter. 

Q. Do you recall about how many cubic centimeters there 
are in a gallon, roughly! A. Approximately 3,785. 

Q. Now, when comparatively high compression engines 
came to the fore did you receive any complaints of knock¬ 
ing by engines using fuel containing lead tetraethyl! A. 
Yes, we did. 

Q. About when was that! What year! A. About 1935. 

Q. What did you do when those complaints came 
51 in from the field! A. We had complaints from a 
number of car dealers to the effect that certain ethyl 
gasolines sold in their territory were satisfactory for op¬ 
eration of their cars and that others were not. We made 
surveys to determine whether some of the ethyl gasolines 
were in fact inferior, but according to the standard test 
method then in use, there was no significant difference. 
They were all equal, at least to our standard. However, 
the dealers were insistent that there were differences. 

Finally cars were sent to our laboratory. We investi¬ 
gated not only the cars but the fuels about which the com¬ 
plaints had been registered. We found again that the fuels 
which were the offenders were in every respect up to the 
standard which we had set for the fuel. Nevertheless we 
confirmed by road tests the dealers* contention that those 
fuels in the automobile were substantially inferior to other 
ethyl gasolines, rating no higher on the accepted testing 
equipment than the offenders. 

Q. Could you interrupt just at that point before we go 
on and perhaps you could explain, with the iiid of this draw¬ 
ing and tell what it is, and whether that shows the standard 
test apparatus (handing a document to the witness)! 

I understand that what you have in your hand is a par¬ 
tial drawing of the standard test apparatus that you had 
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when these complaints came in ; is that correct? A. That is 
right. This is a drawing of the fuel induction system of the 
standard single cylinder engine of the American Society 
for Testing Materials used to rate the knocking tendency 
of the gasolines. 

On the drawing we see a note, ‘‘Cylinder head of C.PJR. 
engine.^’ “C.F.R. means Cooperative Fuel Research 
52 Committee engine. The Cooperative Fuel Research 
! Committee, composed of representatives of the oil 
and automobile industries, developed this particular appa¬ 
ratus. 

Attached to the cylinder is a manifold containing a 1000- 
watt heater, and attached to the manifold at the opposite 
end is the carburetor barrel of the carburetor used to supply 
fuel to the engine. 

In this particular set-up the fuel from the carburetor 
enters the manifold and flows by gravity downward, if it 
is not vaporized, and enters the cylinder. So that all fuel, 
whether it be vaporized or remain as liquid fuel, enters the 
cylinder and is burned along with the air for the particular 
dbiarge. 

Q. It was such standard apparatus with which you had 
been making many routine tests from time to time? That 
is, this was the routine way of doing it, was it not? A. This 
was the standard and approved method. 

Mr. Wiegand. May I offer the drawing in evidence as 
Plaintiff’s Exhibit 2? Is there any objection? 

Mr, Cochran. No objection. 

(Drawing referred to was received in evidence and 
marked Plaintiff’s Exhibit 2.) 

By Mr. Wiegand: 

Q. Now, when these complaints came in what did you do? 
Was it a serious problem or was it just an ordinary run-of- 
mine problem? A. It was quite a serious problem. 

Q. Did you discuss the problem with any of your asso¬ 
ciates, and would you mind naming a few of them, if 
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53 you remember who they were f A. Yes, I did discuss 
that problem with my associates, among whom were 

Mr. Thomas Midgley, Jr., Mr. Hawley, Assistant Director 
of the Engineering Laboratories, and Dr. Calingaert, who 
is Director of our Chemical Research Laboratory. 

Q. Do you happen to know whether the Mr. Midgley you 
have named was the inventor of ethyl gasoline? A. He was. 

Q. That is, he got the patent on that some time ago? A. 
Yes. 

Q. Were these discussions that you had just one or two 
or did you frequently discuss the problem in this commit¬ 
tee? A. Yes, we did discuss it quite frequently. We were 
quite concerned about the situation which was developing. 

Q. As a result of those discussions, and I think you said 
you made a number of tests with your then standard test 
apparatus, what was the result of that? Did you get any¬ 
where or did you not? A. Well, the fuels, as I stated, were 
tested first under the conditions standardized by the Amer¬ 
ican Society for Testing Materials, but that showed no dif¬ 
ferentiation between fuels—^which fact showed a big differ¬ 
ence in the automobiles. Some of my associates thought 
that we must be using the incorrect speed or incorrect spark 
advance or improper temperature, because, as we all know, 
those are factors which do influence the knocking of engines. 

Therefore, it was suggested that we make a very exten¬ 
sive study of variations in these factors of engine operation 
to see whether it might be possible to find some com- 

54 bination of those factors which would cause the single 
cylinder engine to rate the fuels in accordance with 

their performance on the road. 

A very large program along that line was carried out 
without any result which threw any light on the problem 
which confronted us. 

Q. Well, stated briefly, it got you nowhere? A. Yes. 

Q. Then what happened as far as you were concerned? 
Did you give up or what happened? A. Well, I was cer¬ 
tain that the single cylinder engine would give the same 
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ratings as the car on the road if we had the same conditions 
existing within the engine which existed in the engines 
dnring operation on the road. I was conscious of the fact 
that in order to develop as much power as possible at high 
speed, engineers were enlarging the cross sectional areas 
of manifolds and enlarging the cross sectional areas of car¬ 
buretors, making the diameters of intake valves larger in 
the engine—all to permit better breathing at high speeds. 

' I might mention that along with those changes there had 
come a change from an updraft carburetor to a downdraft 
carburetor, simply because the velocities with the enlarged 
fuel induction system were not sufficient any longer to 
pull the fuel upward to the manifold. So the updraft car¬ 
buretor had been replaced by a downdraft carburetor, from 
which the fuel could flow to the engine cylinders by gravity. 

I believed that that change in engine design could have 
only one effect, namely, imperfect distribution of the fuel 
to the different cylinders of the engine. It was my concep- 
i tion that the air would be distributed uniformly to 
55 the different cylinders, being quite light and homo¬ 
genous, and that for the same reason that portion of 
the fuel which was vaporized would be distributed uni¬ 
formly to the different cylinders. However, that portion 
of the fuel not vaporized undoubtedly would be subject 
to many influences which would prevent its equal distribu¬ 
tion to the different cylinders. 

' The proximity of the cylinders to the carburetor, the ge¬ 
ometry of the manifold, the length of the manifold, the nat¬ 
ural frequency of the manifold as an organ pipe, and many 
other factors undoubtedly would influence the amount of 
the unvaporized heavy ends entering the different cylinders. 

I believed that the lean cylinder, receiving substantially 
only the vaporized light ends, was causing the difficulty, be¬ 
cause, notwithstanding the fact that the fuel in the lean 
cylinder—consisting of the lighter fraction of the gasoline, 
having the highest intrinsic anti-knock value, as contrasted 
with the rich cylinder, containing a normal charge of fuel. 
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and in addition the heavy ends of lower anti-knock valne 
which under conditions of perfect distribution would have 
gone into the lean cylinder—contained the fuel having the 
highest intrinsic anti-knock value, the ratio of air to fuel in 
that cylinder should be such as to make the knocking ten¬ 
dency quite pronounced, because the tendency for knock¬ 
ing to occur in the cylinder depends to a very large extent 
on the ratio of air to fuel in the cylinder at the time com¬ 
bustion is initiated. A rich mixture tends to suppress 
knock, whereas a lean mixture tends to promote it. 

So it was my belief that in the cars in which we were hav¬ 
ing difficulty we were burning in the lean cylinder not 
56 the fuel having the composition of the fuel leaving 
the carburetor and not the air-fuel ratio of the mix¬ 
ture leaving the carburetor, but a fuel having different com¬ 
position and a different ratio of air to fuel from that of the 
mixture leaving the carburetor. 

Q. Now, as I understand what you have just said, and 
summing it up, I get two factors as to the thoughts that you 
had. I will speak of the first one as it occurred to me in 
your statement. It was your thought or conception that 
the different cylinders were getting different kinds of gaso¬ 
line; is that correct? A. Yes. 

Q. Was that a common thought at that time or otherwise? 
Was there any thought otherwise? A. I do not think there 
was too much thought about it, although some people that 
I knew believed that there was a difference in the air-fuel 
ratio to the different cylinders. 

Q. That would be quantity, not kinds; Ls that correct? 
A. Quantity, yes. 

By the Court: 

Q. It would be something other than mere gasoline, which 
is a combination of the air and the fuel mixed? A. Yes. 

By Mr. Wiegand: 

Q. The other factor was this. You spoke, if I remember 
correctly, of some cylinders getting more of the liquid parts 
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of'the gasoline than their share! Did you mention that? 
A. Yes. 

Q. Just to get it in the record, the volatized part, 

57 the vapor portion of the gasoline is known in the 
trade as the lighter ends of the gasoline? A. Yes. 

Q. And the unvaporized portion is called heavy ends? 
A. Yes. 

Q. What was known in the art about the relative values 
of the inherent anti-knock values of lighter ends as against 
heavy ends? A. Well, it was generally known and accepted 
that the lighter ends in the fuel have the superior anti¬ 
knock value relative to the heavy ends. 

Q. But the cylinder receiving more of the heavy ends was 
actually not the one that was going to do the knocking, ac¬ 
cording to your conception? A. That is correct. 

By the Court: 

Q. May I ask you a question? I understood you to say 
that when we had knocking as a result of the mixture, it 
was primarily where you had the so-called heavier ends. 
A. No; the light ends. 

'Q. The opinion of the industry and the prior teaching 
was that it occurred where you had the heavier ends? A. 
Yes. 

Q. And you came to the conclusion that just the opposite 
was true; that is, that where you had the lighter ends that 
was true? A. Yes. 

Q. But in either case you also had the presence of air? 
A. Yes. 

58 Q. Do I understand you to say that in either case 
the mixture of air was practically constaijt? In 

other words, would you have difficulty or would you be 
able to determine what you claim to have determined if 
there was a mixture of air which was constantly varying? 
In other words, you cannot dismiss the presence of air in 
the mixture at all? A. That is right. If the distribution 
of the air were unequal, the problem would be even more 
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complex than it is. Fortunately, the distribution of air 
is quite uniform to the different cylinders at all times. 

Mr. "Wiegand. I think at this point it would be helpful 
to have Mr. Bartholomew explain some of the things he 
has been saying in words with the aid of the enlargement 
of Fig. 2 of the Bartholomew application. 

By Mr. Wiegand: 

Q. Mr. Bartholomew, you have before you an enlarge- 
mentibf Fig. 2 of your application; is that correct? A. 
That is right. 

Q. Will you please, with the aid of that drawing, explain 
a little more in detail what you have just been talking 
about in your last several answers? A. This drawing rep¬ 
resents three cylinders of an engine, labeled A, B, and C, 
a carburetor labeled 11, and an intake manifold labeled 12 
through which mixture from the carburetor flows to cyl¬ 
inders A, B, and C. 

We have intake valves labeled 14 which open to admit 
the charge from the intake manifold to the cylinders. 

For the purposes of illustration and to indicate the ca¬ 
pacity of the cylinders to receive a constant volume 
59 of air the pistons labeled 16 are all shown in their 
bottom dead center positions instead of at different 
points in between top and dead center, as they would be in 
the normal engine. 

We have illustrated here what I conceived to be the 
mechanism of fuel distribution within the engine that was 
causing the difficulty which I described previously. We 
represent the mixture of air and vaporized fuel by broken 
lines, such as surround the Fig. 13, in the manifold. 

Unvaporized liquid fuel is illustrated by black dots la¬ 
beled 17 on the drawing, whose size is indicative of the 
relative concentration of unvaporized fuel in the mixture. 

Now, considering cylinder A one moment, fuel and air 
leave the carburetor. Some of the fuel is vaporized imme- 
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diately. We have indicated that by the broken lines in the 
manifold. 

Along with the vaporized fnel, which is mixed intimately 
with the air, there are drops of nnvapoiized fnel. That 
composite mixtnre starts toward the cylinders. 

We have assumed in this particular drawing that cyl¬ 
inder A receives substantially only the vaporized light 
ends of the fuel. It may be said that it is likely that that 
would be the case, inasmuch as cylinder A is farthest from 
the manifold, but that does not necessarily follow. At dif¬ 
ferent speeds it may be some other cylinder which is de¬ 
ficient in receiving the unvaporized liquid portions of the 
fuel. 

We illustrate that cylinder B receives an equal charge 
of air and of the vaparized fuel, but in addition a certain 
amount of the unvaporized liquid fuel, which we have indi¬ 
cated by black dots, diminishing in diameter as the drops 
fall into the cylinder and absorb heat from the sur- 
60 faces of the cylinder and are consequently vapor¬ 
ized. 

The liquid fuel which enters cylinder B we assume to be 
substantially the liquid fuel in quantity which would enter 
cylinder B if there were uniform distribution of both va¬ 
porized and unvaporized fuel to the three cylinders. 

In cylinder C we illustrate the conditions existing in the 
cylinder receiving not only a normal charge of air and of 
vaporized fuel but an excess of the unvaporized heavy 
ends of the fuel, which in the drawing we illustrate as two 
streams of droplets, as opposed to a single stream of drop¬ 
lets entering cylinder B. 

Therefore, it is obvious that we have in the cylinders, 
when the intake valves have closed, not only a different 
quantity of fuel but, taken as a whole, fuel of different 
(iemical composition in the three cylinders. 

By the Court: 

:Q. In other words, in cylinder A you have vaporized 
gasoline plus air, and in cylinder B you have vaporized 
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gasoline plus air and some gasoline in the liquid state, and 
then in cylinder C you have air plus vaporized gasoline 
plus a little more of the liquid gasoline? A. That is right, 
your Honor. 

By Mr. Wiegand: 

Q. Does cylinder B get about the same kind of gasoline 
that comes from the carburetor or not? A. Yes. We have 
illustrated cylinder B as receiving substantially fuel and 
air in the same proportions as in the charge leaving the 
carburetor. 

Mr. Wiegand. If your Honor please, I do not know 
whether you want us to put that large chart in evi- 
61 dence or smaller photostats of the exhibit. They 
are in Plaintiff ^s Exhibit 1, but it is rather incon¬ 
venient to mndle. I suggest that I put these two sheets 
in evidence and that both of them be marked Plaintiff’s 
Exhibit 3, for convenience. 

(Photostatic copies of large chart were received in evi¬ 
dence and marked Plaintiff’s Exhibit 3.) 

By Mr. Wiegand: 

Q. Mr. Bartholomew, up to this point you have been tes¬ 
tifying as to your concepts or thoughts in this matter. 
Did you do anything by way of confirming them, and if so, 
what did you do? A. Yes, I did set about to determine 
whether this was a correct conception of what was occur¬ 
ring in the automobile engines on the road. 

As I have previously stated, if my conception was cor¬ 
rect, then the ratio of fuel to air in the different cylinders 
would vary widely. Up to that particular time we had no 
apparatus to permit us to determine whether there were 
variations in air-fuel ratio among the different cylinders. 
Therefore, it was necessary to develop apparatus to per¬ 
mit that determination to be made. 

I developed a sampling valve, so-called, which we have 
already seen today. 
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Q. Maybe yon would like to explain that a little more 
in detail than I did, and I have here a drawing of what I 
understand to be that. 

Mr. Wiegand. I am told yonr Honor usually adjourns 
at 12:30. 

62 The Court. On Monday we have General Term. 

I I think perhaps it might be wise to adjourn now 

and reconvene at 1:30. 

(Thereupon, at 12:30 o’clock p. m., a recess was taken 
until 1:30 o’clock p. m., of the same day.) 

63 After Becess 

The trial was resumed at 1:30 o’clock p. m., upon the ex¬ 
piration of the recess. 

Thereupon Earl Bartholomew, the witness on the stand 
at the time of taking the recess, resumed the stand and, 
upCn examination, testified further as follows: 

Direct Examination—^Resumed 
By Mr. Wiegand: 

Q. I think that since the Court rose we have switched 
reporters, so, in order to have the matter straightened out, 
I think I had better ask the question again. 

Mr. Bartholomew, I think you had just begun to explain 
or discuss, when we recessed for lunch, the tests and in¬ 
vestigations you started to make to confirm or find out 
whether you had the correct thought processes, and con¬ 
cepts, and you were about to explain this sampling device 
which you now have in your hand. 

I should like to ask you, please, to explain what that was 
and what it was all about; and if you have any drawings 
or photostats there to aid you in your explanation, will 
you please refer to them? A. The instrument which I 
hold in my hand is one designed to be screwed into the cyl¬ 
inder head of an engine in lieu of a spark plug. This in- 
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strument is equipped with a small valve in the bottom, op¬ 
erated by a solenoid. In addition, there is a sparkplug in¬ 
corporated into the instrument, so that it serves both as a 
sampling valve and as an ignition device. 

64 The drawing, here labeled Figure 1, valve for sam¬ 
pling mixture, et cetera, is of a design of this valve 
which preceded this one. The only difference is in the loca¬ 
tion of the valve seat itself, which in the design shown 
on the sketch was about two inches above the bottom of the 
valve. But in the improved type, which I hold in my hand, 
the valve is in the bottom of the instrument. The reason 
why it was moved down there was that I found that when it 
was up ia the body of the valve there was always a little 
cylinder or pocket of unbumed air and fuel which was 
drawn into the gas sample bottle when the valve was opened, 
and that always gave a little oxygen in our products of com¬ 
bustion when, as a matter of fact, there should perhaps have 
been none because of the richness of the mixture. 

With this improved type of valve that is in the bottom 
there is no chance for xmbumed air to be drawn in in that 
manner. 

This valve was used with associated apparatus installed 
in the car to obtain samples of the combustion products. In 
the diagrammatic sketch of the mixture sampling valve and 
associated equipment, the valve itself is shown on the left- 
hand side. There is a vacuum pump, which was driven by 
a motor drawing current from a storage battery within the 
car, which evacuated a gas-sampling bottle. 

You will note a mercury manometer to indicate the de¬ 
gree of vacuum achieved in the gas-sampling bottle. The 
opening of the valve itself was timed by an auxiliary device 
which was made and fitted to the distributor. It was ar¬ 
ranged to discharge a condenser, shown as 60 microfarads, 
across the coil in the solenoid coil in the valve at the proper 
point after the fuel had been burned toward the end of the 
combustion stroke. 
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Wiien the valve opened, due to the large difference 

65 ' in pressure, the products of combustion were rapidly 

withdrawn from the cylinder into the gas-sampling 
bottle. Then the cocks of the gas-sampling bottle were 
closed, and the gas-sampling bottle was taken to the labora¬ 
tory for an analysis of the products of combustion. 

By methods which are well known, the products of com¬ 
bustion can be analyzed and computations made of the air- 
fuel ratio. That was done on the different cylinders of the 
multi-cylinder engines during their operation under condi¬ 
tions of both poor distribution and good distribution. 

Q. On the road? A. On the road, yes. It was found that 
during cold-weather operation and at low speed, there were 
large variations in the ratio of air to fuel in the different 
cylinders. That was as much as five ratios. In other words, 
in I the richest cylinder I found that the ratio of air to fuel 
might be 10 or 11 to 1. 

By the Court: 

Q. What do you mean by‘‘the richest cylinder’^? A. The 
richest cylinder is the one containing or receiving the larg¬ 
est amount of fuel. 

Q. Do you mean C? A. That is cylinder C in our dia¬ 
gram. 

By Mr. Wiegand: 

Q. On Figure 2? A. Yes, on Figure 2. 

By the Court: 

Q. That is fuel in any form? A. Yes. After the fuel 

enters the cylinder, whether it be in the vaporized 

66 state or the liquid state, there is sufficient heat stored 

i in the piston and the cylinder walls to vaporize the 

fuel regardless of the state in which it enters the cylinder. 

So, it was found that there were these wide variations in 
air-fuel ratio, a difference between an air-fuel ratio of 10 
or 11 to 1 and 16 to 1, and I found that greatest range was a 
difference of approximately 50%. 
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Q. Do you mean that 16 to 1 is 16 parts of air to 1 part of 
fuel? A. Yes, to one of fuel. So, it was a variation amount¬ 
ing to substantially 50% in the amount of fuel entering the 
different cylinders. That served to confiim one phase of 
my original conception. 

However, my original conception was more extensive than 
that. If the original conception was correct, then that dif¬ 
ference in the air-fuel ratios among the several cylinders 
should give rise to differences in knocking tendency; hence, 
further research was carried out to detemrine what the va¬ 
riations in separate cylinder knocking tendency amoxmted 
to. 

At that time there was no method known for determin¬ 
ing what the separate cylinder knocking tendencies were; 
hence, it was necessary to develop means for isolating a 
given cylinder for the purpose of determining the knock¬ 
ing tendency. Therefore, a device was developed which 
was used in conjunction with the regular distributor. This 
device permitted the ignition timing in all cylinders except 
one to be retarded sufficiently to eliminate all knocking, 
but the ignition timing in the one cylinder was allowed to 
remain the conventional timing. Then, after a study had 
been made in one cylinder, another cylinder could be chosen 
to have the ignition timing left normal and the igni- 
67 tion timing of the other cylinders retarded. By that 
means it was possible, one at a time, to determine 
the knocking tendency of each cylinder. 

I might add that this device for determining the knock¬ 
ing tendency of each individual cylinder was used simul¬ 
taneously with the sampling valve and associated appa¬ 
ratus, in order that determinations might be made of the 
knocking tendency of the cylinder simultaneously with the 
withdrawal of the products of combustion from that par¬ 
ticular cylinder. 

After those determinations had been made, I compared 
the knocking tendency of the different cylinders with the 
air-fuel ratios, determined as previously described, and 
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found that, in accordance with my original conception, there 
was a close correlation between the knocking tendency of the 
individnal cylinders and the air-fnel ratios in the individ- 
nal cylinders. The cylinders which had the greatest ten¬ 
dency to knock were the lean cylinders, which had received 
the smallest quantity of fuel, and the cylinders having the 
least tendency to knock were the richest cylinders, which 
had received the greatest quantity of fuel. 

Q. In other words, having in mind the diagram on the 
blackboard, the cylinder which had the greatest tendency 
to knock would be A, and the cylinder which had the least 
tendency to knock would be C? A. That is right; and cyl¬ 
inder B would be in between A and C. 

At this point I had confirmed two phases of my original 
conception, but a third phase remained. 

Mr. Wiegand. May I interrupt you just a minute? I 
should like to offer in evidence the two drawings referred 

' to by the witness in the last answer, one being of the 
68 sampling device, and the other of the hookup for it. 

I ask that they be marked as Plaintiff ^s Exhibits 4-A 
and 4-B. 

The Court. Is there any objection? 

Mr. Cochran. No objection. 

(Drawing of sampling device was marked as Plaintiff ^s 
Exhibit 4-A, and drawing of hookup was marked as Plain¬ 
tiff ^s Exhibit 4-B, and they were received in evidence.) 

By Mr. Wiegand: 

iQ. Will you please continue your answer? A. There re¬ 
mained one phase of my original conception which this work 
had not proved or disproved, and that was the conception 
with respect to the cause of the variation in air-fuel ratio 
from cylinder to cylinder. 

You will recall that I had conceived of the variation in 
fuel distribution arising because of the difference in the 
amount of the unvaporized liquid heavy ends which entered 
the several cylinders. The investigation which had been 
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made to date did not prove that the diffeiences in air-fnel 
ratios arose becanse of that difference in the amount of 
liqnid heavy ends entering the different cylinders, and the 
analysis of the products of combustion of conventional gas¬ 
olines used up to this date did not permit any determina¬ 
tion of that particular factor. Hence, I made up a fuel con¬ 
taining only two components, one a quite volatile compo¬ 
nent, and the other a relatively non-volatile hydrocarbon. 
These two hydrocarbons varied widely in chemical compo¬ 
sition and as such produced products of combustion differ¬ 
ing very widely in their composition. Thus an analysis of 
the products of combustion from the different cylinders per¬ 
mitted not only a determination of the air-fuel ratios 
69 in the cylinders but also a calculation of the quantity 
of the two components of the fuel which had entered 
the different cylinders. 

By the Court: 

Q. Am I correct in understanding or assuming that the 
experiments heretofore were with relation to the ordiuary 
internal combustion engine and ordinary gasoline, with no 
leads contained in them? A. That is correct. 

Q. Now you are going into the process of examining the 
products of combustion and then making a determination 
of the composition of the fuel you used? A. That is cor¬ 
rect. The reason for choosing the fuel of the two compo¬ 
nents which I just described was to give a fuel having light 
ends and heavy ends of products of combustion widely 
different composition, containing no lead, in order that a 
determination might be made not only of the differences 
in air-fuel ratios among the cylinders, but a determination 
of how much of the light ends and how much of the heavy 
ends entered each cylinder. 

By Mr. Wiegand: 

Q. Just a moment. Let me ask right there. About how 
many different kinds of hydrocarbons are there in com- 
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mercial gasoline! Do you know what I mean! A. There 
are hundreds of hydrocarbons in any ordinary commer¬ 
cial gasoline. They vary widely in their volatility and 
chemical composition, although the light ends of the ordi¬ 
nary gasoline as opposed to the heavy ends are more nearly 
similar among members of the group than the two compo¬ 
nents which I chose for this particular investigation. 

1 Q. Willyoupleaseproceedwithyour answer, now! 
70 A. When I had made these determinations, I found 

I that the variations in air-fuel ratio from cylinder to 
cylinder did, in fact, occur entirely because of the differ¬ 
ences in the amount of the heavy component which had en¬ 
tered the different cylinders. Therefore, my original con¬ 
ception with respect to the distribution of fuel in an engine 
and the consequent effect on knocking in the different cyl¬ 
inders was fully confirmed. 

iQ. In addition to the apparatus that you have referred 
to in your last answer, did you devise any other method or 
apparatus, or both, to enable you to make investigations 
simulating or imitating the different cylinders of a multi¬ 
cylinder engine operating under actual conditions ? A. Yes. 

Q. Will you please refer to this drawing and tell me 
whether that has anything to do with it! If it does, you 
may use it to aid you in making your explanation. A. I 
have previously described the fuel induction system for the 
standard American Society for Testing Materials knock¬ 
testing machine. I do not recall the exhibit number which 
that was given. 

Q. The old single cylinder engine! A. The old single 
cylinder engine. 

Q. That was exhibit 2. A. It will be recalled that in that 
particular fuel induction system, fuel flowed from the car¬ 
buretor to the engine in a downward direction and was as¬ 
sisted by gravity. Any unvaporized fuel was assisted by 
gravity in its travel from the carburetor to the engine cyl¬ 
inder. Therefore, all parts of the fuel, whether vaporized 
or unvaporized, entered the cylinder immediately with the 
air. 
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71 We have pointed out that in the multi-cylinder en¬ 
gine there is never equal distribution of the unvapo¬ 
rized portion of the fuel to the several cylinders. It was ex¬ 
tremely desirable that, if possible, the standard single-cylin¬ 
der testing engine be so modified as to permit the simulation 
of conditions existing in the multi-cylinder engine on the 
road during poor distribution of the fuel. The fuel induc¬ 
tion systems on the sheet which we are looking at at present 
represent different developments of special manifolds which 
I made to simulate these particular conditions. 

Referring first to the one marked a, it vill be noted that 
iuserted between the engine cylinder and the carburetor is 
a manifold which resembles a gooseneck or a sink trap, and 
that in the bottom of this trap there is a valve to which is 
attached a graduated burette. 

When this manifold was used, the mixture of air, vapori¬ 
zed fuel, and liquid fuel left the carburetor and traveled 
downward. However, it was necessary for the direction of 
flow to be sharply reversed at the bottom of the trap. There 
was, therefore, a tendency for the liquid fuel not to travel 
up the right-hand leg of the trap but to flow out through the 
drain at the bottom. 

By the Court: 

Q. I take it, then, that the result of this experiment was 
to get a mixture which was made up primaiily of air vapo¬ 
rized fuel; liquid going out at the bottom? A. That is cor¬ 
rect. 

Q. That was simulating what was going on in cylinder A? 
A. In cylinder A; that is correct, your Honor. 

I found, however, that a further modification was 

72 necessary to obtain the exact simulation which was 
desired. The velocity through the manifold illus¬ 
trated in a was still somewhat too high, and there was some 
tendency to pull droplets of liquid on up this leg into this 
cylinder. As a consequence, the setup illustrated above c 
was developed, which is essentially similar to the apparatus 
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illiistrated in a, except that at the bottom of the trap there 
is an enlargement of the trap. That had the effect of reduc¬ 
ing the velocity at the bottom of the trap to a quite low fig¬ 
ure, which caused all of the unvaporized liquid fuel to drop 
out and to be drained from the manifold. 

I found that through the use of this equipment I could 
duplicate exactly the conditions existing in lean cylinder A 
of the multi-cylinder engine during road operation. But 
that was not enough. I wished to check the operation of 
rich cylinder C on the single-cylinder engine. To do that, I 
recovered the liquid heavy ends during operation under con¬ 
ditions simulating cylinder A and added those in proper 
proportion to a quantity of the original fuel and then burned 
that in the engine, either with the conventional manifold 
which insured all fuel leaving the carburetor entering the 
cylinder, or in a manifold such as is illustrated in c, but with 
sufficient heat applied by the heaters to insure complete va¬ 
porization. 

I found that by that means I was able also to duplicate 
the behavior of rich cylinder C; and, of course, cylinder B 
could be duplicated by applying enough heat to the mixture 
in the manifold to vaporize all the fuel that left the carbu¬ 
retor, so that the quantity of fuel entering the cylinder was 
the same as the quantity of fuel per unit volume of 
73 air leaving the carburetor, just as in the older type 
knock-testing engine. 

IQ. Let me ask this question: I understand these two dia¬ 
grams here—that is, the small diagram a and the small dia¬ 
gram c. But what about b and d? A. I beg your pardon, 
your Honor; I failed to describe b and d. 

' Q. b and d technically represent the situation with respect 
to cylinder C? A. b and d were other means for accomplish¬ 
ing the same result. When I found that in the setup in a 
there was too much velocity to insure the recovery of all the 
liquid fuel, I developed the setup illustrated in b, which con¬ 
sisted of a cylinder to be attached at the bottom of the goose¬ 
neck to provide a greater volume at that point, in the hope 
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that the greater volume there would cause some of the mix¬ 
ture to be breathed from the manifold. That is, I had 
thought it might be like a multi-cylinder engine—an addi¬ 
tional manifold added to the engine. That was partially 
successful but not nearly as efficient as the enlargement in 
the gooseneck used in cylinder C. 

Q. I understand the reason you gave for the mechanism 
depicted in this diagram, a, was so that you could duplicate 
the situation in cylinder A with respect to the fuel mixture, 
and you found that when you completed this mechanism, 
due to the velocity with which the fuel mixture was brought 
in, some of the liquid fuel remained in the bottom of that 
area. A. Yes. 

Q. Then you were uncertain whether it vrould all remain 
there or whether some of it was forced out and went on to 
the other part of the mechanism—^that is, through the 
74 cylinder head to the engine. So, not knowing abso¬ 
lutely what the situation was, you then developed 
mechanism as described in diagram c, and you created a 
larger area down below, making certain that all the liquid 
fuel would remain in this trap, so to speak. A. Actually, 
your Honor, b is the next step in the sequence, the cylinder 
illustrated at the left, which was connected onto the T. 

Q. That was the purpose of it? A. That was the purpose 
of it—to get complete separation. 

Q. You did achieve that? A. In c. Actually, before I 
had had an opportunity to determine that c was completely 
satisfactory, I designed the setup illustrated in d, the idea 
being that if the first chamber failed to effect complete sep¬ 
aration, the second chamber in the series of three or the 
third in that series should complete the separation of any 
liquid fuel that might remain. I found, however, that the 
apparatus illustrated in c was entirely satisfactory, and 
although I did try out d, I found that no liquid fuel was re¬ 
covered from the second and third chambers. 

Q. The purpose of the burette was to measure the amount 
of liquid fuel iat you subsequently recovered from the trap; 
is that correct? A. That is correct, your Honor. 
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Q. The measurement on there was cubic centimeters? A. 
Cubic centimeters. I perhaps should have added that simul¬ 
taneously I measured the quantity of fuel which was fed to 
the carburetor. Therefore, by this— 

Q. (Interposing) You were able to distinguish 

75 what was evaporation and what was in the liquid 
state? A. That is correct. 

By Mr. Wiegand: 

i Q. What did the investigation using this new apparatus 
demonstrated here prove to you? Have you mentioned that? 
A. The proof of my original conception was established by 
the multi-cylinder engine tests. However, it was a bit in¬ 
convenient to have to go out onto the road each time I de¬ 
sired to investigate a fuel. It was much more convenient to 
be able to go into the laboratory, under the well controlled 
conditions we have, and regardless of weather conditions 
outside be able to investigate fuels and antiknocking com¬ 
pounds in the laboratory on the single cylinder engine. 

Q. But simulating conditions of multi-cylinder engines; 
is lhat correct? A. That is correct. 

Mr. Wiegand. At this time I should like to offer in evi¬ 
dence the drawing that has been referred to by the witness 
in his last several answers. I offer this as Plaintiff’s Ex¬ 
hibit 5. 

The Court. Is there any objection? 

Mr. Cochran. No objection. 

' (Drawing referred to was marked as Plaintiff’s Exhibit 
5 and received in evidence.) 

By the Court: 

Q. What you produced in the nature of a mixture as a 
result of this experiment, I take it, was a mixture of air 
plus vaporized gasoline. What did you you discover as the 
result of the experiment with reference to knocking tend¬ 
ency? A. I found on the single-cylinder engine as 

76 well as on the multi-cylinder engine that knocking 
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was greater in the lean cylinder A than in the lean cylinder 
C, except that in the case— 

By Mr. Wiegand: 

Q. (Interposing) Did yon mean lean cylinder C? A. 
Lean cylinder A than in the case of rich cylinder C. How¬ 
ever, on the single-cylinder engine I so chaiaged conditions 
that the conditions with respect to both lean cylinder A and 
rich cylinder C were set np on the single-cylinder engine, 
although not simnltaneonsly. 

By the Court: 

Q. I take it that you found less tendency to knock in 
the rich cylinder C than in the lean cylinder A? A. There 
was less tendency for rich cylinder C to knock than for lean 
cylinder A. 

By Mr. Wiegand: 

Q. From your discussion so far, one would probably think 
that the problem you set out to solve was the knocking 
which occurred during this low-speed, poor distribution pe¬ 
riod. Is that true! A. No. 

Q. Why not? In giving your answer, and with a view to 
shortening things, perhaps you may refer to page 2, at the 
bottom, of your application. Do you have a copy of it 
there? A. I do. 

Q. Refer first to that, and then I will refer you to other 
portions. I think we can then get along a little faster. A. 
On page 2, the last paragraph, first sentence, I made the 
statement, quoting: 

‘‘It is commonly known that knocking in automobile en¬ 
gines may occur at either high speed or low speed 
77 and that a given engine may knock at both high and 
low speeds.^’ 

It follows, therefore, that if we are going to have knock¬ 
ing from the operation, it is necessary to take care of both 
the low and the high speed conditions of operation. 
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Q. Is it true that at high speed under ordinary circum¬ 
stances you have good fuel distribution, so that all the 
cylinders have the same tendency to knock, speaking gen¬ 
erally for the moment? A. Yes. At high engine speed the 
velocity of the charge through the manifold is greatly in-' 
creased and is sufficiently high to carry along the xmvapor- 
ized fuel .without the variations in distribution of unva¬ 
porized fuel which characterize low speed operation under 
cold conditions. 

Q. This variation in separate cylinder knocking tendency 
is something that occurs only during a part of the use of 
the car—a part of the time; is that correct? A. Yes, ac¬ 
tually only a very small part of the operating time, in the 
case of the ordinary automobile. 

Q. With the use of the automobile, and where it has good 
distribution, when there is no difference in the knocking 
tendencies in the cylinder, that is a greater period in length 
of time than the other period I just spoke of; is that cor¬ 
rect? A. Much greater. 

IQ. Now, I notice that your application indicates on page 
8 that this bad distribution and low speed knocking may 
occur at speeds as high as 35 miles an hour. I understand 
that in some states it is illegal to drive at a speed above 
50 miles per hour. Now, does not this mean that a person 

' living in one of those states would do most of his 
78 driving probably below 35 miles an hour, and he 
must be concerned more with low speed knocking 
than equal distribution knocking? A. I should like to quote 
from the application on page 8, toward the end of the first 
paragraph, starting with the sentence that begins, “I find.’’ 

i“I find that during conditions existing in the summer¬ 
time the unequal distribution of fuel described above occurs 
at substantially constant car speeds up to about 25 miles 
an hour. Under more adverse conditions, such as winter 
operation, less heat applied to the intake manifold or the 
use of less volatile fuel, the unequal distribution of fuel 
may persist at even higher car speeds.” 
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substantially constant car speeds above approxi¬ 
mately 35 miles an hour the velocity of the mixture of air 
and fuel vapor in the intake manifold is usmiUy sufficiently 
high to entrain the liquid portion of the fuel and distribute 
it in substantially equal quantities to all the cylinders. Un¬ 
der this condition all the cylinders receive charges which 
are substantially the same and the charges in all the cyl¬ 
inders have the characteristics of the charge in cylinder B 
in Figure 2.^’ 

Now, whether or not unequal fuel distribution occurs dur¬ 
ing low speed operation at any particular speed depends, 
among other things, on the previous operation of the en¬ 
gine. Suppose, for purposes of illustration, that a car is 
being driven along at 50 miles per hour or at any higher 
speed in cross-country operation but that it is nec- 
79 essary to slow down because of the traffic signals or 
vehicles ahead, or for some other reason. The brakes 
are applied, the car is brought down to a low speed, and is 
then accelerated again when the road is clear ahead. 

During the operation at the high speed, temperature con¬ 
ditions have been built up because of the high speed opera¬ 
tion to a point where the manifold, the engine, the radiator, 
and all the other associated parts of the engine are quite 
warm. So, when the accelerator pedal is depressed for the 
acceleration, the heat in the intake manifold absorbed over 
the previous high speed operation is sufficiently great to 
vaporize practically all of the fuel, so that under such con¬ 
ditions the period of poor distribution may persist up to 
only 10 or 15 miles per hour. 

On a very hot day or in the summertime on almost any 
day out in the Southwest or in parts of the South conditions 
are favorable to good distribution of the fuel, even down 
to relatively low engine speeds. On the other hand, in the 
wintertime, when it is quite cold, the conditions of poor dis¬ 
tribution may persist up to speeds as high as 35 miles an 
hour. 
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! Q. Would they persist when the engine warms up under 
the last conditions you have named! A. The worst condi¬ 
tion of poor distribution encountered is soon after starting 
or immediately after starting in quite cold weather. As 
the engine warms up, even during cold weather operation, 
there is a tendency for the poor distribution to be limited 
to a narrower and lower speed range of operation. 

By the Court: 

Q. With ordinary gasoline! A. Yes, sir. I refer in all 
that I have said to ordinary commercial gasoline. 

80 By Mr. Wiegand: 

' Q. I think you have already answered, perhaps, the next 
question I was going to ask you. If you have, please say so. 
I think I heard you answer it in part of your last answer. 

Is there any driving in which the low speed distribution 
knock plays a very small part! If you have not explained 
that fully, please proceed to do so. Is there any driving in 
which the low speed distribution knock plays a very small 
part! A. I mentioned operation on a hot day. That would 
be a condition under which poor distribution would play a 
small part. I also outlined the conditions existing during 
cross-country driving, where heat is built up in the engine 
under conditions of high speed driving, and I stated that 
this heat is available during subsequent low speed opera¬ 
tion for vaporizing the fuel. 

By the Court: 

' Q. As I understand your theory, it is this: that you go 
counter to general opinion previously held or now held by 
a number of experts in the field, who hold that the cause of 
knocking is the mixture which has to do with liquid gasoline 
plus the air. Your theory, as I understand it, is that the 
knocking you found was caused by a mixture of air plus 
vaporized gasoline. A. Smocking is due for the most part 
to the compression that exists in the cylinder at the time 
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the combustion starts. It was my conception that the varia¬ 
tion in knocking tendency from cylinder to cylinder resulted 
from the poor distribution of the fuel. 

Q. But the combustible material, taken together with the 
pressure exerted by the cylinder, is, according to 

81 your theory, as I understand it, the air plus vapor¬ 
ized gasoline. A. What I intended to establish was 

that the difference in fuel distribution— 

Q. (Interposing) Takiag these cylinders A, B, and C. 
A. Yes. 

Q. In A you have what you call a lean mixture? A. Lean. 
Q. That is made up of air and vaporized gasoline. B is 
made up of air, vaporized gasoline, and some gasoline in 
liquid form. C is made up of air and gasoline mostly in 
liquid form. A. Well, the same amount of vaporized fuel 
as in the others, but in addition— 

Q. (Interposing) In addition to that, gasoline in the 
liquid form? A. All the cylinders may knock. Whether or 
not all of them knock depends on the compression ratio. 
But by virtue of the leanness of cylinder A, if there is poor 
fuel distribution, cylinder A will knock more than cylinder 
C. 

Q. "Why? A. Because of the mixture ratio. 

Q. What would that be? A. That would be of the order 
of 15 to 1. 

Q. Fifteen parts of air to one part of vaporized gaso¬ 
line? A. Yes. 

Q. Gasoline fuel in vaporized form? A. Yes, your 
Honor. 

I might add at this point that when distribution of fuel 
is good, we are just as likely to have knocking; but 

82 under such conditions the tendency of cylinders A, 
B, and C to knock will be the same, other conditions 

remaining constant, because the fuel is distributed uni¬ 
formly, and the air-fuel ratios in A, B, and C under those 
conditions become the same. 
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By Mr. Wiegand: 

iQ. Is there any condition of operation nnder which the 
low speed knock and bad distribution would predominate 
and, therefore, be the more important to consider? A. 
Yes. We might consider, for example, the driving done by 
a i physician in a city, in calling on his patients, where he 
drives a relatively short distance from house to house and 
never drives at high speed. During the wintertime he would 
never have the engine warmed up to a point where he would 
obtain any substantial benefit from the soaking up of heat 
by the manifold in the higher speed operation which we 
described previously. 

Q. But that is quite a special case, is it, with respect to 
the use of automobiles generally? A. Yes, as a percentage 
of the total operation, it is quite small. 

Q. Having in mind all those things you have just been 
saying, which would you consider to be the most important 
part of the problem you have stated you set out to solve? 
A. Well, the most important part is to insure good opera¬ 
tion during the period of good fuel distribution, because 
that type of operation constitutes the major part of the 
operation of the engine. 

' Q. Have you anything more to say about the problem 
which you sought to solve, the general background for con- 
! sidering this subject matter—^that is, as to good dis- 

83 tribution when an engine is warmed up and is very 

critical of small changes, or anything of that sort? 
I' do not know whether you get my question. A. I might 
add— 

By the Court: 

Q. I take it that you assume that good distribution is 
typified by cylinder C? Good distribution in the sense that 
you use the term is typified by cylinder C? 

Mr. Wiegand. B, I think, is lie good boy, under condi¬ 
tions of good distribution, if you will permit me to testify. 

The Court. I only want to straighten it out in my mind. 
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By Mr.'Wiegand: 

Q. As I understand it, what cylinder B is getting under 
conditions of good distribution is depicted in Figure 2! A. 
That is correct. If we assume that one stream of liquid 
fuel in cylinder C is transferred over to cylinder A, then 
each cylinder is receiving one stream of liquid fuel; and 
they all receive— 

By the Court: 

Q. (Interposing) Then, of those three cylinders—^A, B, 
and C—^B is in the ideal state as far as fuel distribution is 
concerned? A. Yes. 

84 Mr. Wiegand. Will the reporter read my last 
question which was unanswered? 

The Reporter (reading): ‘‘Have you anything more to 
say about the problem which you sought to solve, the gen¬ 
eral background for considering this subject matter—^that 
is, as to good distribution when an engine is warmed up and 
is very critical of small changes, or anything of that sort? 
I do not know whether you get my question.’^ 

By Mr. Wiegand: 

Q. Will you please try to answer the question? That 
was left unanswered. A. Yes. At high engine speed or 
when the engine is hot it does tend to be quite critical of 
small differences in anti-knock value of the fuel fed to it. 
Hence, any deficiency of anti-knock value under this condi¬ 
tion of operation is felt quite perceptibly by the engine. 
Therefore, it is important that no step be made in solving 
any problem which will result in a reduction of the anti¬ 
knock value available during the high speed or high tem¬ 
perature operation. 

Q. After you completed your experimental and analytical 
investigations to which you have testified what did you next 
do to complete your invention, and to aid you in answering 
that question or to aid you in making yourself clear, I have 
here an enlargement of your Fig. 4, which is an enlarged 


44 


reprodnction of some of the curves, colored for your con¬ 
venience ; and also I would like you in answering to refer 
to your application, and particularly to page 15 near the 
bottom of your application and page 16 at the top, so that 
in answering my question, which the reporter will 

85 repeat to you, use the chart Fig. 4 that is now on 
the blackboard and refer to the specification at the 

places that I have indicated, if that will aid you. 

If your Honor please, that is a duplicate of our Fig. 4 
of the application. I think you have the drawings up there 
as Exhibit 3, and the pages in the specification I referred 
to are 15 at the bottom and 16 at the top. A. I should like 
t6 read from my application, starting at the bottom of page 
15, the last sentence. 

By the Court: 

Q. This is what you did, I take it? A. Yes. 

By Mr. Wiegand: 

Q. Do the descriptions in your application represent work 
that you had actually done? You read that application be¬ 
fore you executed it? A. Yes. 

The Court: I have no doubt about that. My inquiry was 
directed to what I assumed was the fact that, having in 
mind these conditions, he did what he is going to read now. 

By the Court: 

Q. Is that correct? A. That is correct. 

' (Beading) ^*I find that the best anti-knock agent is a 
mixture of lead alkyls which gives the highest and most 
nearly uniform increase in H. U. C. E. of an engine over 
the range of operating conditions under which it is used.*’ 

I believe, before reading further, I should like to describe 
this diagram, in order that we may have a better 

86 conception of some of the things referred to in the 
application. 
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In the diagram which we have before ns there is a ver¬ 
tical scale labeled ** Octane number of treated fuel or frac¬ 
tion.” That is another way of saying that the vertical 
scale represents the anti-knock quality of the lead alkyls, 
which we have shown hereon. As the horizontal scale we 
have two. One scale is the boiling points at 13 millimeters 
of mercury pressure in degrees centigrade. The other scale 
is the number of carbon atoms in the lead Jilkyl molecule. 

By the Court: 

Q. In relation to 100? A. No; the actual number. 

Q. I see. A. Going back to our consideration of the lead 
alkyls this morning, it will be recalled that lead tetramethyl 
contained one atom of lead and four methyl radicals, that 
is four CHg radicals. Therefore, in tetramethyl there are 4 
carbon atoms. 

Q. I was referring to the perpendicular scale, 84. A. 
This is with respect to 100. 

Q. That is what I thought. A. The octane number scale 
extends from zero to 100. I do not believe it is necessary 
to describe it. 

Q. No. I wanted to make certain what those figures rep¬ 
resented. A. That is correct. 

Lead tetraethyl on this chart would be plotted on a ver¬ 
tical line through the 8 carbon atom point. 

Lead trimethyl ethyl would be through the 5 car- 
87 bon atom point. 

Lead dimethyl diethyl would be through the 6 car¬ 
bon atoms. 

Similarly, the lead triethyl methyl is a 7 carbon atom 
compound. 

After I had done the work which I just described I found 
it necessary to learn some more about the lead alkyls under 
different conditions of operation. The only information 
available with respect to that was certain information; part 
of the information that was needed for the construction of 
curve D, which is here labeled a 100 per cent vaporization 
curve. 
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By Mr. Wiegand: 

Q. The left-hand figure on curve D would be whatf A. 
Point 1 represents the anti-knock veilue of lead tetramethyL 

Q. That is, the table above the curve gives the com¬ 
pounds or lead alkyls that correspond to the numbers used 
on the curves; is that correct? A. That is correct. The 
numbers used on the curves refer to the legend above. 

Q. Will you please proceed now? A. Curve D. is a curve 
representing the anti-knock value of the lead alkyls under 
conditions of 100 per cent vaporization—^that is, when the 
faulty distribution which we have considered in more detail 
previously does not exist. 

This information with respect to the lead alkyls was gen¬ 
erally known, perhaps not as accurately determined as here, 
but this particular quality of the alkyls was fairly well 
known. 

Our problem is more extensive than that when conditions 
I are such that imperfect vaporization prevails. 

88 I had previously determined that the worst con- 
I dition to be met in service was one when approxi¬ 

mately 53 per cent of the fuel is vaporized. 

Q. That would represent a condition of poor distribu¬ 
tion; is that right? A. Very poor distribution. That is a 
condition which would exist in about zero weather, immedi¬ 
ately after starting of the engine. 

Q. Please proceed. 

By the Court: 

Q. I wonder if I follow this diagram correctly. I do not 
understand the relationship of the square that you have on 
the graph, the relationship of the space between 68 and 72 
on your perpendicular scale. You have this measurement 
point here (indicating on diagram). A. Yes. 

' Q. You have this here (indicating on diagram) ? A. Yes. 
i Q. This curve you are talking about is all in here, prob¬ 
ably about 69 or 70 (indicating). A. A little under 70. 

Q. What would that represent in relation to this (indi¬ 
cating), if anything? A. I think I had better go back and 
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clarify cnrve D. We have already explained Point 1. Now 
let ns proceed to Point 2. 

Referring to the legend, we find that this illustrates data 
for trimethyl ethyl. Point 2 has a vertical height here 
which when projected over onto the scale indicates 
89 that the anti-knock value of trimethyl ethyl under 
conditions of perfect distribution would be about, 
say, 75.3 or somewhere near that. 

By the same token, point 3, representing dimethyl di¬ 
ethyl, when projected over to the vertical scale would have 
an anti-knock value of perhaps 76.5 under conditions of 
perfect distribution. 

I had found that 53 per cent vaporization represents sub¬ 
stantially the worst condition ever encountered with re¬ 
spect to poor distribution, a condition prevailing in very 
cold weather, near zero degrees Fahrenheit, immediately 
after an engine is started, or, at least, when there has been 
no period for the engine to warm up to any appreciable 
extent. 

Curve E was constructed to represent the anti-knock 
value obtained from the lead alkyls in lean cylinder A un¬ 
der such conditions of poor vaporization. We find that un¬ 
der these conditions lead tetramethyl has a very high effec¬ 
tiveness—^it is perhaps about 82.5; that trimethyl ethyl has 
still quite a high effectiveness, although not as high as 
tetramethyl—^it is about 78.7, perhaps; that as we proceed 
toward the less volatile alkyls, their effectiveness falls off 
rapidly. 

Dimethyl diethyl has only 72 octane number. Methyl 
triethyl has only about 69^. 

The remainder of the alkyls here illustrated contribute 
practically no anti-knock values. This is substantially the 
anti-knock value of the vaporized base fuel itself, for the 
reason that when only 53 per cent of the fuel has been 
vaporized, the less volatile alkyls have hardly been vapor- 
iz^ at all, and so only a very small portion of such alkyls 
enters the cylinder. 
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We have other conditions of poor distribution, less un¬ 
favorable than the 53 per cent applicable to curve E. 

We have here a curve marked F, representing con- 

90 ditions prevailing when 87 per cent of the fuel is 
vaporized. It will be noted here that curve F has 

an entirely different shape from curve E. 

The different lead alkyls have quite different effective¬ 
ness under these conditions from the effectiveness which 
they have under either conditions that are perfect as illus¬ 
trated by curve D or the 53 per cent vaporization as illus¬ 
trated by curve E. Here lead tetramethyl is down some¬ 
what with respect to trimethyl ethyl. Dimethyl diethyl, 
illustrated by point 3, is about on a par with trimethyl 
ethyl. As we proceed toward the less volatile alkyls, their 
effectiveness tends to fall off slowly. 

• Lastly, I made determinations of the behavior of the lead 
alkyls under a wide range of conditions, in between 53 and 
87 per cent vaporization, and in between 87 per cent vapori¬ 
zation and 100 per cent vaporization. I did not include 
those in this drawing, because they would tend to confuse 
the illustration of the principle employed. 

By Mr. Wiegand: 

Q. Now, did you or did somebody under your direction 
make actual tests of these individual lead alkyls to get the 
data for this curve sheet that you have been testifying 
about? A. Yes, sir. 

Q. What test apparatus or test method did you use in 
that connection? Is it anything that we have here that you 
talked about? A. Yes. I used the single cylinder engine 
equipped with the— 

Q. That is Exhibit 5? A. The one illustrated 

91 about c. 

I Q. That is right. A. I checked that data also by 

actual car operation to make certain that there was close 
correlation between what was determined on the single 
cylinder engine and what could be expected in road opera¬ 
tion. 
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Q. So you now had information as to the behavior of the 
various lead alkyls there depicted on that Fig. 4 used indi¬ 
vidually under conditions of good distribution and under 
conditions of poorer distribution and then still poorer; is 
that correct? A. That is correct. 

Q. The poor or poorer distribution curves would repre¬ 
sent what you have heretofore talked about as cylinder At 
A. That is correct. I might add to that that curve J) would 
be indicative of the conditions existing in cylinder B of our 
previous diagram, which received a normal charge. 

Q. Did that information that you got from that test data 
and which you have depicted or visualized on Fig. 4 aid 
you in any way in finding the mixture that you wanted to 
solve your problem? A. Yes, it did. In fact, those curves 
enabled me to determine the type of compounds or of lead 
alkyls which I have in a mixture to cover the wide range 
of operating conditions to be encountered in service. 

Q. And with which you were concerned? You were not 
concerned with merely part of operating conditions, but the 
entire, over-all operating conditions? A. The entire range, 
that is correct. 

92 Q. That enabled you to go to your further test, 
which I will inquire about in a moment, but suppose 
you lacked such direction; what have you to say about the 
time or the infinite permutations or combinations you 
would have had to make otherwise? A. Well, without such 
direction it would have been a problem of endless testing. 
There is an infinite number of combinations of different 
percentages of lead alkyls that might be made up. It would 
have been necessary to test all of those combinations, a 
program which would have extended over a period of many 
years. 

Q. Before we proceed with just what you depicted there 
and your further test to confirm that, I think- you spoke of 
some data as to curve D having been known before you did 
this, but what about curves like F and E, showing values 
of individual lead alkyls under conditions of poor or poorer 
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distributioii? Was that known before you did this, so far 
as you know! A. To my knowledge, curves of the type of 
E and F had not been constructed previously. 

Q. And, so far as you know, you had not seen any data 
published by anybody relating to that sort of thing, had 
you! A. No such data. 

Q. I think we can go back to the proposition or the state¬ 
ment you made, if I understood you correctly, that with 
this fimily of curves of individual properties of anti-knocks 
under these conditions of good and poor and poorer va¬ 
porization, you were able to project your thought as to the 
proper mixture to select. Would you please go on and an¬ 
swer that! A. I should like to continue reading my appli¬ 
cation. 

93 Q. Do it in any way you like. A. I believe that 
states it as well as I can. 

Q. I think that I can probably help you. You want to 
refer to the parts that have to do with your problem; is that 
it! A. I want to refer to the selection of the alkyls. I now 
start reading at the bottom of page 15: 

“I find that the best anti-knock agent is a mixture of lead 
alkyls which gives the highest and most nearly uniform 
increase in H. IT. C. — 

I will pause for a moment to define “H. U. C. That 
is a provision for highest useful compression ratio. 

Q. What relation does that have to knocking tendency! 
A. The higher the highest useful compression ratio, tie 
better the anti-knock value. 

Q. Or the less the knocking! A. Or the less the tendency 
to ^ock. 

Q. AH right. A. (continuing) *^of an engine over the 
range of operating conditions under which it is used. I 
find that this mixture should contain in substantial quan¬ 
tity a lead alkyl which has high inherent anti-knock effec¬ 
tiveness over a wide range of engine speeds and as low a 
boiling point as possible consistent with this requirement. 
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and that the 7 carbon atom compound, lead triethyl-methyl, 
best meets these conditions.’’ 

That is No. 4 on our diagram. 

find that this mixture should also contain in substan¬ 
tial quantity a lead alkyl which has a low boiling 

94 point, relatively high effectiveness under conditions 
of poor distribution and not too low inherent anti¬ 
knock effectiveness over a wide range of enghie speeds, and 
that the 5 carbon atom compound, lead tri-methyl-ethyl, 
best meets these conditions.” 

The 5 carbon atom compound is No. 2 on our chart. 

Q. The chart Fig. 4? A. Yes, Fig. 4 

‘‘The 6 carbon atom compound, “which is illustrated by 
point labeled 3 in Fig. 4, “has a relatively low boiling point 
and a relatively high and substantially uniform anti-knock 
effectiveness over a wide range of engine speeds and I find 
that this compound should be used in the mixture in sub¬ 
stantial, or even predominant, proportions.” 

Q. According to your invention, what is the primary anti¬ 
knock, if I make myself clear? A. Yes. 

Q. What did you pick as a primary anti-knock? A. I 
picked as the primary anti-knock agent a mixture of the 
three alkyls which I have just named: In other words, 
trimethyl ethyl— 

Q. That is No. 2? A. No. 2 of Fig. 4; dimethyl diethyl, 
which is No. 3; and triethyl methyl, which is No. 4 

Q. Suppose we were wholly concerned with periods of 
poor distribution. Didn’t I understand your testimony to 
be that No. 1 would have the best anti-knock value under 
this condition of very poor distribution? A. That is cor¬ 
rect. For conditions of extremely poor distribution, lead 
tetramethyl, illustrated by point 1 in Fig. 4, has the highest 
effectiveness. 

95 Q. Well, now, we wiU come back to that later, par¬ 
ticularly in some of the other questions I have to ask 

you later on. 
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1 As I understand it, in your invention the primary in¬ 
gredient comprises the mixture of 2, 3, and 4 as identified 
on Fig. 4? A. That is correct. 

Q. After you had this information and curves here you 
said a moment ago that that enabled you to project the mix¬ 
tures that would be the best in your thought. Did you test 
and confirm your thought in that direction? A. Yes, quite 
extensively. 

Q. Those tests confirmed what you thought or deducted 
ftom your information that you got from Fig. 4? A. They 
did. 

I Q. And you did not test all of the possible infinite varie¬ 
ties of the combinations of those elements enumerated 
there? I mean mixtures of them. A. No. That was not 
necessary. 

I The Court. I take it that those lead alkyls are all anti¬ 
knock agents in essence, and what you have is a composi¬ 
tion of lead alkyls that eliminate knock under conditions 
testified to, and what you have determined to be the essence 
of the invention is the specific combination of these lead 
alkyls of 45 per cent, 30 per cent, and 25 per cent? 

: Mr. Wiegand. To answer your Honoris question directly, 
some of the claims—^indeed I think the vast majority of 
them—define that the second, third, and fourth there 
96 are the primary anti-knocks. 

The Court. The primary anti-knock is the 
dimethyl diethyl, in the sense that he uses that in the great¬ 
est percentage, 45 per cent; 25 per cent of trimethyl ethyl; 
and 30 per cent of triethyl methyl. 

Mr. Wiegand. But, in any event, the middle three pre¬ 
dominate. There may be a little variation in there. 

The Court. He gets the ideal result, as I understand it, 
under the percentage herein stated. 

I Mr. Wiegand. Did you want the witness to answer that? 

By the Court: 

Q. You get the best result by using 45 per cent of 
dimethyl diethyl, 30 per cent of triethyl methyl, and 25 per 
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cent of trimethyl ethyl! A. Yes, considering the whole 
range the year round. 

Q. Under driving conditions as a whole, yon get the best 
results from using that composition! A. On the average, 
yes. 

By Mr. Wiegand: 

Q. Will you refer to your specification again! I would 
like to refer you to certain places there and ask you whether 
they have any bearing or relation to the problem you were 
solving. WiU you turn to the first sentence of the last para¬ 
graph of page 2, and then on page 3, where you state what 
the object of the invention is, and then the top of page 4, 
where you state, ‘‘Where the engine may be operated with 
wide variance,** and then on page 16, where it begins, “to 
meet the widest normal range,** and also on page 17, the 
second paragraph, second sentence, and page 18, where it 
says, “I have foxmd that when,** and so forth! 

97 As you take those up you might just indicate in 
each instance where and in what place you are read¬ 
ing, and what relation it has, if any, with respect to the 
problem you were solving and did solve, according to your 
testimony. A. Considering first page 2, the last paragraph, 
the first sentence: 

“It is commonly known that knocking in automobile en¬ 
gines may occur at either high speed or low speed and that 
a given engine may knock at both high and low speeds.** 

Q. Did you want to explain that, if you have not already! 

The Court. I think that is common knowledge. 

Mr. Wiegand. I think that has been pretty well cleared 
up. 

By Mr. Wiegand: 

Q. Did you want to go on any more there on that page 
or page 3! A. I think I shall go to page 3. 

Q. All right. A. To the third paragraph, which I shall 
read: 
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‘‘The objects of the present invention are to so direct 
this correlation that improved performance may be ob¬ 
tained.” 

I think I had better read the paragraph preceding that. 

Q. Suppose yon do that, if it is necessary or desirable 
to get the meaning. A. “The characteristics of engines, 
base fuels and admixed anti-knock compounds are inter¬ 
dependent in the determination of the occurrence and 
98 severity of knocking. I have found that the different 

i lead alkyl anti-knock compounds have certain differ¬ 
ent properties which, as related to certain properties of 
base fuels and features of engine design, form a broad 
background for improving engine operation. I have also 
fbund that these fundamental characteristics may be cor¬ 
related to improve engine performance. 

“The objects of the present invention are to so direct this 
correlation that improved performance may be obtained 
under the varied conditions of operation of low duty and 
high duty internal combustion engines. By high duty en¬ 
gines I mean engines capable of operating at high volu¬ 
metric efficiency over a wide range of rotative speeds.” 

i I do not know whether much explanation of that quota¬ 
tion is required or not. It simply means that there is a 
broad problem to be met. 

Q. Then refer to the top of page 4 and see if you find 
anything there that has any bearing on this problem that 
you were solving. A. I should like to read the sentence 
in the first paragraph, starting: 

“Where the engine may be operated with wide variance 
in some or all of these conditions the anti-knock mixture 
may be chosen in accordance with my invention so as to 
give a high average engine performance throughout.” 

Q. Now, on page 16, a little below the middle. I think 
the sentence starts, “To meet the widest,” and so forth. I 
think that is what the Court referred to a while ago, 
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99 is it not? I did not have it before me then. You 
might put it in the record. It is not very long. A. 

About two-thirds of the way down in the first paragraph: 

“To meet the widest normal range of operating condi¬ 
tions my preferred mixture consists, on a volume basis, of 
25 per cent lead tri-methyl-ethyl, 45 per cent lead di-methyl 
di-ethyl and 30 per cent lead tri-ethyl methyl.’* 

By the Court: 

Q. Continuing further, what is meant with reference to 
so-called halides? 

By Mr. Wiegand: 

Q. Will you please explain that to the Court? A. The 
organic halides, specifically of bromine and chlorine, are 
used at the present time with lead tetraethyl in order to 
have the products of combustion of the lead, as lead bromide 
and lead chloride— 

By the Court? 

Q. Those are salts? A. Yes, they are organic salts. In 
the reaction they combine with the lead to form the lead 
halides—that is, lead bromide and lead chloride—^which are 
vapors and as such are exhausted from the engine. If the 
halides were not used, the lead would bum to lead oxide, 
which is a solid, and would remain in the engine and cause 
trouble. 

By Mr. Wiegand: 

Q. I think the next one is on page 17, second paragraph, 
second sentence. A. Page 17, second paragraph, 

100 second sentence: 

“The proportions of the methyl-ethyl lead alkyls, and of 
the tetra-methyl and tetra-ethyl compounds if the latter are 
used, may be varied to meet different ranges of climatic 
conditions, operating conditions and engine design.” 

Previously I stated my preferred mixture which I had 
found to be best to meet the average conditions existing 
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throu^out the year, considering all types of engine opera¬ 
tion. 

However, if it were known that a given engine operation 
would deviate from that average, as, for example, toward 
lower speed driving or driving under cold weather condi¬ 
tions, the mixture could be varied to give a better result 
under those specific conditions. 

Likewise, if it were known in advance that great emphasis 
were to be given to high speed operation or operation under 
Conditions of good distribution, the mixture could be varied 
in the directin to give more emphasis and consequently bet¬ 
ter results under those conditions. 

Q. Now, I think the last reference is on page 18, in the 
paragraph in the middle, beginning with, “I have found.’’ 
I think, in view of your previous discussion of cylinders A, 
B, and C, you can first quote that and then, as briefly as you 
can, explain what that means, as a sort of summary. A. 
Reading from the application: 

“I have found that when using the mixture or mixtures 
described above, under the conditions of imperfect fuel dis¬ 
tribution described with reference to cylinders A, B and C, 
that the knocking of the cylinder A is reduced to 
lOl a minimum consistent with good engine performance 
over the entire range of operating conditions.” 

' Q. Now, if you solved the condition of knocking during 
poor distribution, would not that solution take care of the 
entire problem that you were seeking to solve? A. No, 
not at all. 

Q. Why not? A. I think I could best explain that by 
saying— 

Q. You are now looking at the chart Fig. 4? A. Yes. 
Looking at Fig. 4, if the only problem to be solved were 
one where poor distribution exists, one would be led to the 
use of lead tetramethyl and nothing else, because, as shown 
by curve E, point 1, under such conditions lead tetra¬ 
methyl has the highest effectiveness. 

; Q. That is, for the poor distribution conditions you 
would pick lead tetramethyl? A. That is right. 
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However, under conditions of good distribution, lead 
tetrametbyl would be very poor, as will be noted by refer¬ 
ence to point 1 on curve D, which represents the 100 per 
cent vaporization condition. Lead tetramethyl is worse 
than any of the others under that condition. 

If we should solve the quite poor distribution problem 
without any reference to other conditions of operation, we 
should have very poor operation under the other condi¬ 
tions. 

Q. I think in your application you say—won’t stop 
now to find the page and line; perhaps your recollection 
will serve you—^where you use tetramethyl at all you said 
that you would never go over 15 per cent. Do you 
102 recall that being in your application? A. Yes. If 
tetramethyl is present at all in my mixtures, it 
should be present in very small amount. 

Q. Notwithstanding that it would be the best curative or 
remedy, if I may put it that way, if you were merely con¬ 
cerned with non-uniform or poor distribution conditions; 
is that correct? A. That is correct. 

By the Court: 

Q. I understand it, then, that no matter what the distri¬ 
bution situation is, with respect to the average car that 
drives into the filling station, if he uses this composition, 
the base being 2, 3, and 4—^that is, the dimethyl diethyl, the 
trimethyl ethyl, and the triethyl methyl, in the percentages 
that you have stated—^you would come pretty dose to 
solving the knocking situation? A. That is correct, over 
the whole range to be encountered. 

By Mr. Wiegand: 

Q. Having in mind also, if I may put it in a way that a 
little darkey did once—^he wanted to get the mostest for the 
leastest—^if you were permitted to have enough of any one 
of these, you would get rid of your knocking. 

The next question may take a rather long answer. Does 
your Honor want to proceed? 

The Court. I think so. 
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By Mr. Wiegand: 

Q. I think you testified this morning, or a while ago, 
about your thought about knocking in multi-cylinder 

103 engines, and you were ta lkin g about this electro¬ 
magnetic device, and then your single cylinder test 

and method of using the gooseneck that had the four fig¬ 
ures, a, b, c, and d, and then you had drawn certain con¬ 
clusions and deductions from that before you proceeded 
with this Fig. 4 investigation. 

Up to the time that you reached Fig. 4, and you had 
made all these analyses and projected your thoughts and 
confirmed them as to what was causing the difficulty, did 
you publish results of them and show any of these things 
to your associates interested in such things? A. Yes. At 
the annual meeting of the Society of Automotive Engineers 
in Detroit in January, 1938, 1 read a paper entitled, *‘Car- 
buretion, Manifolding, and Fuel Anti-Knock Value,’’ which 
had been written jointly by two of my associates and my¬ 
self. 

I In this paper I stated the principles which I have pre¬ 
viously described with respect to distribution of fuel with¬ 
in the engine and the resultant effect on the separate 
cylinder knocking tendency. 

' The Court. This is being offered for what purpose? 

' Mr. Wiegand. If your Honor please, the purpose is this, 
if you do not mind my testifying in advance of the wit¬ 
ness. 

The Court: I am merely asking the purpose. 

' Mr. Wiegand. I want to show that as late as the date 
when he published these conceptions of his about the cy¬ 
linders getting different kinds of gasoline, you will see 
that Mr. Blackwood said, in polite language, “I do not 
agree with you,” if you will turn over to the back of the 

I publication. He still persisted in things people 

104 believed away back when he did that work. 

The Court. I thought you were going to introduce 
this to cast some reflection on the interference proceeding. 


Mr. Wiegand. No. We are not concerned in proving onr 
date of invention. 

The Court. That is what I wanted to make sure of. 

Mr. Wiegand. As a matter of fact, I do not know whether 
that man is in interference or not. I do not know whether 
he got an application or not. 

Mr. Reporter, will you read the last answer of the wit¬ 
ness? 

(The last answer was read by the reporter, as recorded 
above.) 

A 

By Mr. Wiegand: 

Q. Will you continue from that point on? A. However, 
I made no mention of the lead alkyls in this particular 
paper. 

Q. That is, you just described there your sampling ap¬ 
paratus and the new single cylinder method of testing and 
your conclusions with respect to fuel and distribution, with¬ 
out mentioning alkyls? A. Yes. 

Q. Was that accepted by your associates there or was 
there anyone who dissented from your views? 

The Court. How material is that? 

Mr. Wiegand. I wanted to explain just what it means. 
It is engineers^ language. 

The Court. He can if he wants to, but it is not helpful to 
me. I do not think it is. As I understand it, what he 
105 is testifying to now is that he had this theory in 
mind and that he wrote a paper setting forth his 
theory, and there was some discussion about it, but he did 
go further and go into the business of the composition of 
the matter that eventually led to a resolution of the prob¬ 
lem. 

Mr. Wiegand. What I wanted to bring out in a further 
question beyond the one that I have put so far is this: that 
if he had continued with what the Standard Oil man was 
sa3dng then, he would not have brought about this solution. 

The Court. There would not have been any solution. 
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Mr. Wiegand. If he had persisted in that thought process, 
he could never have made the invention we have here. 

The Court. That is what I understand. In other words, 
he was the voice of one crying in the wilderness. They did 
not agree with him. The Standard Oil man did not agree 
with him. It was a revolutionary idea. 

I Mr. Wiegand. That is entirely satisfactory. 

The Court. That is the way I have it. 

By the Court; 

Q. Is that correct! A. That is correct. 

The Court. Then he proceeded with his experimentation. 

Mr. Wiegand. Do you have any objection to my offering 
it! It is not offered for the purpose of proving the date 
of his invention. 

I Mr. Cochran. I do not see what materiality it has. 

' The Court. It is merely, as I understand, supplementary 
to what the witness has already stated: that he had dif¬ 
ferent theories that were entirely radical in the in- 
106 dustry with respect to what was causing the dif- 

' ficulty. As I understand it, it was a question of lean 

mixture and rich mixture. He read his paper and per¬ 
formed some experiments antecedent to that, and then he 
went ahead on the basis of the theory that he had, and the 
result is what is alleged now to be invention involving the 
composition of the mixtures. 

Mr. Cochran. I do not object to it. 

Mr. Wiegand. May it go in, just for the sake of the 
record! 

The Court. I will he very glad to have it. 

I (Publication entitled, ‘‘Carburetion, Manifolding, and . 
Fuel Anti-Knock Value,*’ was received in evidence and was 
marked Plaintiff’s Exhibit 7.) 

The Court. Let us adjourn until tomorrow morning at 
10 o’clock. 
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(Thereui)on, at 3:30 o’clock p. m., an adjonmment was 
taken until tomorrow, Tuesday, May 12, 1942, at 10 
o’clock a. m.) 

110 Earl Bartholomew, the witness under examina¬ 
tion at the time of adjournment on yesterday, re¬ 
sumed the witness stand and testified further as follows: 

Direct Examination—^Resumed 

By Mr. Wiegand: 

Q. Mr. Bartholomew, I notice that the Examiner in his 
Statement, paper No. 14 in your application file, and speci¬ 
fically at page 3 of it, said: 

^‘The invention disclosed is concerned with improvement 
of motor fuels such as gasoline with respect to its tendency 
to knock in multicylinder internal combustion engines by 
addition of lead alkyls as anti-knock dope. Applicant pro¬ 
poses use of certain mixtures of lead alkyls as anti-knock.” 

Dropping down a paragraph, he said also: 

Applicant’s mixture is one of adjusted volatility and 
anti-knock elfect thru use of mixtures of lead methyl and 
ethyl derivatives such as lead tetraethyl, lead tetramethyl 
and intermediate alkyls, lead tri-ethyl-methyl, di-ethyl i- 
methyl and tri-methyl-ethyl.” 

Now, is that an adequate description of your invention t 
A. No. My invention was directed toward improv- 

111 ing engine operation throughout the range of con¬ 
ditions encountered in service, and not merely 

toward improving operation during conditions of imperfect 
fuel distribution. 

By the Court: 

Q. What do you mean by “improving engine operation 
throughout”? A. As I stated yesterday, there is for the 
average engine a much greater period durin-g which dis¬ 
tribution is good than there is a period during which dis- 
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tribntion is poor. It is essential to have satisfactory op¬ 
eration not only nnder conditions where poor distrihntion 
of the fuel obtains but also under conditions where good 
distribution characterizes the operation. 

Q. Well, is not good distribution of fuel something that 
is purely mechanical? A. Well, good distribution of the 
fuel depends on a number of factors of engine operation— 
the speed, the temperature- 

Q. Would it not depend primarily, in essence, first of all, 
on the engine itself and on the structure of the engine? In 
other words, if you had an engine that was not in good 
physical shape, so to speak, the fuel would be acting under 
a poor medium—that is, it would be operating in a poor 
operating medium ? A. That is true. The efficiency of dis¬ 
tribution which will occur under any given set of condi¬ 
tions does depend on the design of the engine. It would 
be possible to design an engine for low-speed operation 
i only which could be made to give very good distri- 

112 button at low speed, if there were no desire to have 

operation at high speed. 

By Mr. Wiegand: 

Q. Will you please turn to page 3 of your application? 
Down at the last paragraph on that page it begins with this 
sentence: 

i *^I have found that mixtures of the three methyl-ethyl 
lead derivatives may be used, with or without other lead 
alkyls, with the various types of gasoline marketed to ob¬ 
tain better results in variable-speed, low duty and high 
duty engines than are obtainable under a wide range of op¬ 
erating conditions with any single lead alkyl. 

Just what did you mean by that? Did it have anything 
to do with economy? A. In the last analysis, it is a problem 
of economy. Lead is the active or basic ingredient in all 
of the lead alkyl anti-knocks. With a mixture of the three 
lead alkyls just named, I can get for a given use of lead 
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a better result with the mixture than I can obtain with any 
single lead alkyl containing the same amount of lead. 

Therefore, for a dollar it is possible to purchase more 
anti-knock value in the form of the mixture than in the 
form of any single one of the lead alkyls. Or, to put it in 
another way, if a limit of three c.c. per gallon is imposed, 
it is possible to accomplish with a mixture, properly chosen 
of the three named lead alkyls a better effect than can be 
obtained by the use of any one of them or any one lead 
alkyl. 

Q. Now, turning back to the Examiner’s Statement again 
that we started to look at this morning—^let us look 
113 at page 3 of the Examiner’s Statement, which is page 
66, as marked down in the right-hand comer of Ex¬ 
hibit 1—and there the Examiner was saying, at the bottom 
of the page; 

“In ordinary carburetion of an air-fuel mixture compris¬ 
ing a mixture of air, fuel vapor and unvaporized suspen¬ 
sion therein of liquid fuel particles, inertia effects upon the 
suspended particles of variable distances the mixture trav¬ 
els to the several cylinders, variable speeds of operation 
as rapid acceleration, starting, stopping as well as tem¬ 
perature variation, will give variation in the fuel-air charge 
actually received by individual cylinders. This variation 
results in different knocking tendencies of the several cyl¬ 
inders.” 

Can you find that on page 3? Do you have a copy there! 
A. I do not have a copy of the Examiner’s Statement, but 
I heard it. 

Q. Will you look at this (handing a document to the 
witness) ? A. All right. 

Q. Is that statement correct? A. Yes, it is. 

Q. Now, the Examiner’s Statement proceeds in the next 
succeeding paragraph: 

“By using a mixture of lead alkyls of variable volatility 
and anti-knock value to be added to the fuel, applicant con- 


64 


tends that this condition is improved due at least in part 
to'better distribution of anti-knock under such variable 
conditions.’^ 

114 With your mixture as described and claimed in 
your application, do you increase the variation in sep¬ 
arate cylinder knocking tendency or do you decrease it? 
A. I increase it. 

Q. So you do exactly the opposite of what the Examiner 
said you do in this instance? A. That is right. 

Q. If one wanted merely to decrease the variation in sep¬ 
arate cylinder knocking tendency would he use your inven¬ 
tion? A. No. 

Q. Is there any one of the five alkyls we have been talk¬ 
ing about or any mixture of them that will decrease the 
variation in separate cylinder knocking tendency. A. Un¬ 
der a limited range of poor distribution—that is, a range 
where distribution is only slightly bad—^the use of lead 
tetramethyl alone would result in a slight decrease in the 
variation of knocking tendency among the different cylin¬ 
ders. Under the same conditions the use of lead trimethyl 
ethyl would leave the variation in separate cylinder knock¬ 
ing tendency substantially the same. 

Q. That is, it would neither decrease nor increase it? 
A. That is right. The use of any other of the five named 
lead alkyls would result in an increase in the variation in 
separate cylinder knocking tendency. 

Q. Now, I may have asked this yesterday, but just for 
the sake of being sure: Under conditions of perfect dis¬ 
tribution, all of the cylinders have the same tendency to 
knock; is that correct? A. Other conditions remaining 
the same. 

115 Q. Now, I call your attention to the top of page 3 
of the Examiner’s Statement, where the Examiner 

started, ‘‘The proposed claim under rule 96 is copied:” and 
then he quotes a claim. Do you have that before you? A. 
yes. 
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Q. You have read that now, have you, and you have read 
it before, of course! A. Yes. 

Q. On page 4 of the Examiner ^s Statement the Exam¬ 
iner said, at about the second full paragraph on that page: 

“As the examiner understood the invention, a claim as 
copied above was formulated to express the same and pro¬ 
posed under rule 96 to applicant and other parties.*^ 

Then he states further in regard to that same claim, drop¬ 
ping down to the next paragraph: 

“Applicant argues that the proposed claim is inopera¬ 
tive and he has no basis therefor, at least in the functional 
clause, 

“ * whereby variation in separate cylinder knocking ten¬ 
dency is eliminated- 

Did the claim formulated by the Examiner express your 
invention. A. No, it did not. 

Q. The Examiner refers to that limitation, “whereby 
variation in separate cylinder knocking tendency is elim¬ 
inated.*’ 

Do you say anything in your application concerning the 
elimination of variation in separate cylinder knocking ten¬ 
dency! 

I refer you to page 12, so that we may shorten 
116 things here. On page 12 there is something about 
the ideal solution. Can you get that! A. Yes, in the 
second paragraph. 

Q. What did you say there! Just read it into the record 
quickly. A. “The ideal solution of this problem would be 
to distribute the anti-knock agent in accordance with the 
needs of each cylinder but this is impracticaL” 

Q. If you have not already explained, why is it imprac¬ 
tical! A. That would require some type of mechanism to 
anticipate the anti-knock requirements of each cylinder be¬ 
fore the need actually arose and to furnish to each cylinder 
immediately the requisite amount of anti-knock value to 
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take care of the requirements of each cylinder and no more. 

iQ. Does your application disclose any such apparatus? 
A. No. 

iQ. Now, do you say anything else in your application— 
and I will again call your attention to that same page 12— 
as to elimination of the variation in separate cylinder 
knocking tendency? A. I said in the next sentence: ‘‘The 
next most desirable result would be obtained by using a 
lead alkyl so volatile that at all times it would be in the 
vapor portion of the fuel charge and so be equally dis¬ 
tributed among the cylinders. Such a lead alkyl does not 
exist. 

iQ. Which, if any, of the five lead alkyls we have been 
focusing our attention on most nearly approaches the theo- 
' retical highly volatile lead alkyl which you there men- 
117 mentioned? A. Lead tetramethyl. 

Q. If you used lead tetramethyl under the condi¬ 
tions that cause variation in separate cylinder knocking 
tendency, would its use eliminate that variation? A. No, it 
would not. Under some conditions it would leave the varia¬ 
tion in separate cylinder knocking tendency substantially 
unaltered; and, as I stated a while ago, under other condi¬ 
tions it would result in a slight decrease of variation in 
separate cylinder knocking tendency. 

Q. But suppose you used any one of the four other lead 
alkyls you have been discussing either alone or in combina¬ 
tion of one, two, three, or all four of them. Would you 
reduce the variation in separate cylinder knocking tendency 
when conditions were such that there was such variation? 

A. Well, trimethyl ethyl- 

Q. Do you mean alone? A. Alone, yes. 
i (Continuing)—^under a limited range of operation with 
poor distribution would leave the variation unchanged. As 
I previously indicated, any one of the remaining three of 
the five would increase the variation in separate cylinder 
knocking tendency. 
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All of the mixtures which I described in my application 
increase the variation in separate cylinder knocking ten¬ 
dency. 

Q. That is, to summarize, as I understand your testi¬ 
mony, when your invention as described and claimed by you 
is employed, you not only do not eliminate the variation of 
separate cylinder knocking tendency but you do not even 
reduce it? On the other hand, you increase it? Is 
118 that correct? A. That is correct. 

Q. Is there any further reference in your specifi¬ 
cation to the variation of separate cylinder knocking ten¬ 
dency? Here I will call your attention, to shorten the pro¬ 
ceedings, to page 4. 

Will you look at page 4 of your application? Will you 
read that brief description of Fig, 3 that you :&nd there, and 
I will get the Fig. 3 chart out? Would you mind reading 
into the record what you find there? A. Figure 3 is a 
chart showing, for conditions of imperfect fuel distribu¬ 
tion, the variation in knocking tendency of these three cyl¬ 
inders of a multi-cylinder engine as the carburetor air- 
fuel ratio and per cent of fuel vaporization are varied.” 

Q. Will you please explain that chart, so that the Court 
may understand what it is all about? A. Figure 3 is a 
chart having for its vertical scale the highest useful com¬ 
pression ratio, or relative freedom from knocking ten¬ 
dency; and for its horizontal scale the percentage of fuel 
leaving the manifold in the vapor state. 

Curves A, B, and C apply to cylinders A, B, and C which 
we discussed yesterday. In other words, curve A gives data 
for conditions of cylinder A, which, as we recall, was the 
lean cylinder receiving substantially only air and vapor¬ 
ized fuel. 

Curve B is applicable to cylinder B, which received air, 
vaporized fuel, and a normal amount of liquid fuel; where¬ 
as curve C applies to cylinder C, which received air, vapor¬ 
ized fuel, a normal charge of liquid fuel, and in addition the 
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liquid fuel which under conditions of perfect vapor- 

119 ization would have entered cylinder A. 

It will be noted that curves A, B, and C were con¬ 
structed using fuel containing no lead. It will be noted that 
when vaporization is imperfect there is a spread or a vari¬ 
ation in the relative knocking tendency of the three cylin¬ 
ders. Cylinder A has the greatest tendency to knock, as 
indicated by its lowest H.U.C.E. Cylinder B has less ten¬ 
dency to knock, and cylinder C has the least tendency to 
knock. 

To the same fuel was added lead in such proportions that 
the fuel in each cylinder, regardless of the amount of fuel 
in each cylinder, contained the same quantity of lead per 
gallon of fuel in that cylinder. 

It will be noted that the addition of such quantity of lead 
had practically no effect on the variation in separate cylin¬ 
der knocking tendency. Cylinder A now becomes A-prime. 
Cylinder B and cylinder C still have variation in separate 
cylinder knocking tendency, as they did before. 

' However, the conditions in all cylinders have been very 
greatly improved. Cylinder A, which had a very high 
knocking tendency relatively, without lead, has now moved 
up to a very much higher position, although the variation 
in separate cylinder knocking tendency remains. 

' It should perhaps be explained here that these curves 
were constructed, as I indicated- 

Q. What do you mean by “these curves”? The record 
won’t show that when you say “these curves.” A. I am 
sorry. It should be explained that curves A-prime, B-prime, 
and C-prime were determined with fuels containing 3.15 
I grams of lead per gallon of fuel in each cylinder. 

120 Q. In each instance? A. In each instance. That 
i represents a better distribution of anti-knock mate¬ 
rial than I could obtain with any one of the mixtures which 
I have mentioned in my application. So, therefore, the use 
of any one of the mixtures which I have described would 
cause curves A-prime, B-prime, and C-prime to be sepa¬ 
rated further than they are in Figure 3. 
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Q. Let me interrupt for a moment. On page 12 of your 
application you say: 

‘‘The addition of the lead to the fuel changes neither the 
general shapes of the curves for the three cylinders nor the 
positions of the curves with respect to eeich other.” 

Will you iQclude that in your explanation as you go 
along? A. Well, I think that is substantially what I have 
just indicated. 

Q. I thought that was, but I wanted to be sure. A. Yes. 
Curves A-prime, B-prime, and C-prime have the same rela¬ 
tive position that they did previously and substantially the 
same position with respect to each other. 

Q. Have you mentioned, just to be sure, how those curves 
would look if you eliminated the variation in separate cyl¬ 
inder knocking tendency? A. If the variation in the sep¬ 
arate cylinder knocking tendency were eliminated, curves 
A-prime, B-prime, and C-prime, would coincide on the 
curve for B-prime, which, as we recall, represents condi¬ 
tions existing in the normal cylinder. A-prime and C-prime 
would both move over into coincidation with B-prime. 
121 Q. Just to make sure your explanation has in¬ 
cluded this point—^if it has, please say so; if it has 
not, please add what you want to—^you have stated that 
your mixture increases the variation in separate cylinder 
knocking tendency. Now, as to this Figure 3 of your ap¬ 
plication, you have stated that the addition of lead does not 
change the position of the curves with respect to each other. 
Have you already explained what apparent mconsistency 
there might be there? If not, will you please do so? A. 
Yes. I explained that when I indicated that curves A- 
prime, B-prime, and C-prime were determined under con¬ 
ditions where there was a constant concentration of lead— 

Q. That is, you were feeding 3.15 grams to each cylinder 
in each instance, whereas in actual engine operation when 
variation does occur they would not be getting the same 
amount of grams of lead; is that correct? A. That is 
correct. 
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Mr. Wiegand. May I have the record show that the 
Figure 3 chart to which the witness has been referring is 
an enlarged photostat of Figure 3 of his application? 

By Mr. Wiegand: 

Q. Let us turn to page 5 of the Examiner’s Statement, 
and that happens to be at page 68 of Plaintiff’s Exhibit 1, 
in the lower right-hand comer. The Examiner says: 

^‘However, applicant discloses the same composition as 
defined in the proposed claim and uses it in the same way.” 

Then, later down on the same page, he says, next to the 
last full paragraph: 

i ‘‘Thus it is noted that irrespective of the final 
122 functional ‘whereby’ clause, the claim does define the 
motor fuel composition disclosed by applicant and 
therefore defines all that is material in applicant’s inven¬ 
tion.” 

What have you to say about those two statements? Con¬ 
sider first the first statement and then the second, and then 
both. A. Well, considering the first statement, “However, 
applicant discloses the same composition as defined in the 
proposed claim and uses it in the same way,” I assume 
it'is meant here that the “whereby” clause is a part of the 
claim. 

Q. The first one is, “However, applicant discloses the 
same composition as defined in the proposed claim,and 
in the second one, he says, as I understmid it, “Let us for¬ 
get the ‘whereby’ clause.” 

The first one I want you to deal with as the Examiner put 
itj including the “whereby” clause as though it were in the 
claim as it is there. A. As I have said before, my object 
was to obtain the highest and most nearly imiform result 
O'^er the wide range of operating conditions to be met in 
service, and that in doing so I have not eliminated the 
variation in separate cylinder knocking tendency. As a 
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matter of fact, I have increased it. So I do not believe 
that the Examinersnggested claim containing the “where¬ 
by’^ clause describes my invention at all. 

Considering the second statement, “Thns it is noted that 
irrespective of the final functional ^whereby^ clause, the 
claim does define the motor fuel composition disclosed by 
applicant and therefore defines all thsit is material 
123 in applicant's invention,’’ the claim without the 
‘‘whereby” clause merely names the 5 lead alkyls— 
lead tetramethyl, lead tetraethyl, and the three intermediate 
ones—^without giving any direction with respect to their 
use. 

With such alkyls one would be free to make practically 
an infinite number of combinations of different percen¬ 
tages, 90 percent of which would be worse than bad tetra¬ 
ethyl Only 10 per cent, or perhaps even less, would be 
better than lead tetraethyl. 

Q. If unguided, it would take an infinite number of shots, 
unless you were exceedingly lucky, to find the 10 per cent of 
wheat out of the 90 per cent of chaff. Is that what you are 
trying to say? A. Yes. The chances would be about 10 to 1 
against getting a combination, simply by random choice, 
which would be better than lead tetraethyl alone. 

Q. And the lead tetraethyl, of course, we recall from 
yesterday, was the product that was on the market before 
you made your invention; is that correct? A. That is right. 

Q. As I understand the testimony you have just been 
giving, speaking of that suggested claim, with or without 
the “whereby” clause the suggested claim does not define 
the motor fuel composition disclosed and claimed by you, 
does it? A. It does not. 

Q. Now, I call your attention to some additional state¬ 
ments by liie Examiner in the Examiner’s Statement, paper 
No. 14, at the bottom of page 5 and the top of page 6. Your 
Honor, that is at page 68 of Exhibit 1. There the Exam¬ 
iner said: 
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124 “Bnt considering applicant's argument more spe¬ 
cifically that the claim is inoperative because it is 

not possible to ‘eliminate the separate cylinder knocking 
tendency’, it can only be pointed out that the dope com¬ 
prising the mixed lead alkyls of different volatilities is an 
adjustment in this direction.” 

Then the Examiner says also, down below the middle of 
the page: 

“Applicant’s specification is a scientific treatise on the 
separate cylinder knocking tendency due to poor fuel dis¬ 
tribution.” 

He goes on to say: 

'“This is the problem applicant solves and he does this by 
the use of a mixture of lead alkyls superior to solve this 
problem, because the separate cylinders get the anti-knock 
dope when they need it, notwithstanding none of the dope 
would be as good as lead tetraethyl per se in a perfect fuel 
distribution system.” 

Then he says; 

' “Thus the mixture of alkyls is most important to elim¬ 
inate the separate cylinder knocking tendency, which varies 
with different operating conditions, while incidentally rais¬ 
ing the anti-knock value of the fuel overall.” 

What have you to say about those four statements? A. 
Well, referring first to the statement at the bottom of 
page 5: 

125 “But considering applicant’s argument more spe- 
* cifically that the claim is inoperative because it is 

not possible to ‘eliminate the separate cylinder knocking 
tendency’, it can only be pointed out that the dope com¬ 
prising the mixed lead alkyls of different volatilities is an 
adjustment in this direction,” 
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In the case of the mixtures which I have described there is 
not an adjustment in this direction. As I just pointed out, 
the use of any of my mixtures increases the variation in 
separate cylinder knocking tendency. 

As to the Examiner^s Statement, ‘^Applicant's specifica¬ 
tion is a scientific treatise on the separate cylinder knock¬ 
ing tendency due to poor fuel distribution,” it is true that 
the application does go in quite extensively to the treatment 
of the conditions arising because of poor fuel distribution. 
However— 

Q. May I interrupt just a moment? Was your applica¬ 
tion based on pure theory alone or was it on the result of 
tests to which you have testified, as well as investigations? 
A. It was based entirely on investigation. 

Q. Now, if you had not finished your answer, will you 
please proceed? A. At the bottom of page 6, quoting the 
Examiner^s Statement again: 

“Thus the mixture of alkyls is most important to elim¬ 
inate the separate cylinder knocking tendency, which varies 
with different operating conditions, while incidentally rais¬ 
ing the anti-knock value of the fuel overall.” 

126 Well, that is diametrically opposite to the function¬ 
ing of the mixtures which I describe. As I have said 
before, my object was to obtain an anti-knock agent which 
would give the highest and most nearly uniform result over 
the entire range of operating conditions and at the same 
time diminishing, insofar as possible, consistent with good 
overall operation, the knocking during conditions where 
poor distribution prevails. That is exactly opposite to the 
Examiner’s interpretation of the object. 

Q. And as to the Examiner’s interpretation of what the 
invention is? A. Yes, that is correct. 

Q. Now, I think that you have covered everything that I 
asked for except the third thing that I quoted, that is to 
say, on page 6 of the Examiner’s Statement, where he said, 
“This is the problem applicant solves and he does this by 
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nse,’^ and so forth. I need not read the rest of the sentence. 
Yon have it before yon. 

' I do not think yon included that in yonr answer. Will yon 
discuss that? A. I did not re-read that, although it seems 
to me that what the Examiner says here is just another way 
of stating his interpretation. The Examiner states that the 
applicant solves this problem of poor distribution. I have 
indicated that— 

I Q. You have already answered? Is that what you mean? 
A. Yes, I think I have. 

Mr. Wiegand. Does your Honor have the book of patents 
that the solicitor of the Commissioner handed up? There 
are four copies. I have an extra copy. 

127 By Mr. Wiegemd: 

' Q. Do you have that? A. Yes, I do. 

Q. Now, referring to the Midgley Patent No. 1,573,846, 
which is in the Commissioner's answer, I ask you what kind 
of anti-knock compounds that patent refers to, and I direct 
your particular attention to the statements in that patent on 
page 2, second column, beginning at line 71, and then be¬ 
ginning at line 81. Do you have those places I mention? 
A. Yes. 

Q. I ask you what kind of anti-knock compounds that 
patent refers to. A. This patent covers alkyl and phenyl 
compounds of lead, specifically mentioning ethyl, isopropyl, 
and methyl compounds. Also, mention is made of com¬ 
pounds of selenium, tellurium, tin, arsenic, and antimony, 
and the phenyl and alkyl derivatives of those metals. 

Q. Will you turn to the Sullivan Patent No. 1,938,547? 
What in general is the object of that patent? A. Well, the 
object of that patent is the preparation of alkyl compounds 
of lead in the gasoline, as opposed to their manufacture in 
concentrated form and subsequent addition to gasoline. 

' Q. Look at the first paragraph and then look at page 2, 
line 81. Can you tell me what is there referred to? A. The 
first paragraph reads: 
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‘‘This invention relates to processes of preparing hydro¬ 
carbon compounds of lead and it comprises a process 
wherein a hydrocarbon, for example hexane, is dis- 

128 sociated by the action of an electric spark to liberate 
free alkyl radicals such as methyl, ethyl, propyl, or 

higher alkyl radicals, and these reaction products are 
caused to combine with lead whereby lead alkyl compounds 
are formed.*’ 

On the second page mention is made of ithe introduction 
into the process of methane, ethane, propane, or butane. 

Q. Is the metal referred to in that patent chiefly lead! 
A. Yes. 

Q. Take the Voorhees patent. No. 1,974,167. Will you 
discuss that rather briefly, not in too much detail? A. 
Well, the Voorhees patent has for its object fundamentally 
the object of the Sullivan patent. 

Q. Refer to the bottom of column 1, page 1, of the Voor¬ 
hees patent, and also to column 2, line 90, and then on page 
3, column 2, beginning at line 97, where Voorhees states, 

^‘Although I am not prepared to state tlie exact nature 
of the lead-hydrocarbon,** and so forth. Will you explain 
those? A. Referring to page 1, column 1, line 47 or 48, 
there is this statement—and we should bear in mind that 
the object is to produce the compounds of lead in the gaso¬ 
line— 

‘‘However, if desired, lead-hydrocarbon compounds hav¬ 
ing hydrocarbon radicals of the order of ethyl and propyl 
can be formed in the body of gasoline by dissolving there¬ 
in, prior to chlorination, suitable quantities of ethane, 
propane, and butane, or unsaturated hydrocarbons,’* et 
cetera. 

In the second column, line 90, there is a descrip- 

129 tion of the operation of the process, in which this 
statement is made: 
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“Gasoline to be chlorinated enters the vessel by way of 
pipe 3 and provision for the introdnction of ethane, 
propane, bntane, or nnsatnrated hydrocarbons snch as 
i ethylene and propylene is made at pipe 4/’ 

I On page 3, line 97, colnmn 2, there is this statement: 

“Althongh I am not prepared to state the exact nature 
of the lead-hydrocarbon compounds in my gasoline I be¬ 
lieve that they are more complex in chemical structure 
than the simple alkyl compounds and their hydrocarbon 
' radicals contain in general at least 4 carbon atoms. They 
are probably mixtures of lead derivatives of various 
isomeric liquid hydrocarbons having from 4 to 7 carbon 
atoms.’’ 

Q. Now, in your application you state that you use lead 
i alkyls having from 4 to 8 carbon atoms. Do you disclose 
on your charts in your application all of the lead alkyls 
I within that range? A. No. In the application I stated 
' that there are other lead alkyls in that range, but that in¬ 
asmuch as they are not as effective as the lead alkyls in the 
I ethyl-methyl series, they are omitted from the charts for 
reasons of simplicity. 

Q. Now, take the Shappirio patent. No. 2,012,356. Can 
I you tell us what compounds that patent is dealing with, 
and, to help you, look at page 1, column 2, in lines 47 to 49, 
and page 2, column 1, in the paragraph beginning on line 
49, and then on the same page, 2nd column, in the para- 
' graph starting at Hne 34, and then page 4, column 2, in the 
I paragraph beginning at line 13? 

130 Have you those references? A. Yes, I have. 

! Q. Now, my question is. Will you tell us what com¬ 

pounds that patent is dealing with? A. It might be said, 
before the compounds are mentioned, that this patent also 
I covers the manufacture of organo-metallic derivatives in 
the gasoline itself. 
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On page 1, column 2, line 9, there is this statement: 

‘‘It is desirable to have present some of the lower mem¬ 
bers of the paraffin series, and consequently gasoline con¬ 
taining such lower paraffins such as ethane, propane, and 
butane are particularly desirable for treatment in this 
process. Further gasolines containing aromatics are also 
highly desirable since these are readily converted into the 
desired metallo organic compounds * * 

In column 2, line 46, there is this statement: 

“Among the metals and non-metals that may be intro¬ 
duced into gasoline by the processes herein set forth there 
may be mentioned lead, tin, silicon, antimony, arsenic, phos¬ 
phorus, mercury, thallium, etc.” 

On page 2, first column, the paragraph starting on line 
49, there is this statement: 

“As pointed out above, the process herein disclosed in¬ 
volves two essential steps, namely, first the treatment of 
the gasoline or analogous material to render it capable 
of being converted in part into metallo organic compounds, 
or the addition to the gasoline or analogous substance, of 
compounds that may be readily converted into such 
131 metallic derivatives, and second the formation of the 
metallo compounds therefrom. The metallic deriva¬ 
tives which it is desired to produce are the alkyls and aryls, 
such as lead tetra ethyl and antimony phenyl, and related 
substances.” 

On the same page, second column, line 34, there is this 
statement: 

“Instead of proceeding in this way, the desired amount 
of a halogen derivative may be introduced into the gasoline. 
For example, ethyl chloride, methyl chloride, propyl bro¬ 
mide, etc., may be added to the gasoline or analogous ma¬ 
terial in the desired proportion to yield the requisite amount 
of metallo derivatives in subsequent operations.” 
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On page 4, second column, line 14, appears this state¬ 
ment: 

‘‘Ordinarily as a result of this process, a complex mix¬ 
ture of organic derivatives of a stated metal, or metalloid 
is obtained, the derivatives, however, usually containing a 
number of closely related derivatives.’’ They at this point 
are not named. 

Q. Did anyone or all of these prior patents that you have 
just discussed teach or even suggest the combination recited 
in any of the claims in your application? A. No. 
i Q. Did they teach or suggest limiting the mixture to the 
five lead alkyls you are using in your application? A. No. 

Q. Did these patents contain any guide of any 
132 kind for choosing a mixture of lead alkyls to be used? 

A. No. They are concerned entirely with the manu¬ 
facture of organo metallic compounds, in some cases lead 
compounds only, without direction as to their use. 

Q. Does that apply to Midgley as well, or did you mean 
the other three? A. I will exclude Midgley from that. 

' Q. That is, your last statement applied to Sullivan, Voor- 
hees, and Shappirio? A. That is correct. Midgley does 
give directions for the use of his compounds—^that is, par¬ 
ticularly he gives directions with respect to the use of lead 
tetraethyl, but not the others. 

Q. Then, as I understand it, the Sullivan, Voorhees, and 
Shappirio patents are directed to some special way of man¬ 
ufacture of these compounds in the gasoline itself, as dis¬ 
tinguished from the usual way of making it separately and 
then adding it to the gasoline; is that correct? A. That is 
correct. 

Q. Did any of these patents which you have been dis¬ 
cussing disclose any recognition of the problem with which 
you were confronted and which you solved by making the 
invention which you are claiming? A. No, they make no 
mention of that problem. 
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Q. Does Midgley discuss anywhere in his patent the use 
of two or more of the lead alkyls at the same time 

133 as proposed there? A. No, he does not. 

Q. The Board of Appeals said in its decision that 
the patents which you have been discussing are suggestive 
of trying various selected mixtures of lead alkyls. Do you 
agree or disagree with that statement? A. I disagree with 
that. 

Q. Will you please state why you disagree, briefly? I 
do not want you to get into too long a discussion. The state¬ 
ment of the Board of Appeals was to the effect that the 
patents which yu have just discussed are suggestive of try¬ 
ing various selected mixtures of lead alkyls. Do you dis¬ 
agree with it? A. I disagree with it. I do not know that 
any further explanation is needed. They simply do not 
make that suggestion. 

Q. The patents do not? A. No. 

Q. Let me put this question, and I think we had better 
have the chart of Figure 4 of the application again. 

With that Figure 4 before you, does any of the patents 
you have discussed give any of the information as to the 
date represented by the curves E and F of your Figure 4? 
A. No. 

Mr. Wiegand. That is all I have, your Honor. 

The Court. We will suspend for ten minutes. 

(A short recess was had, after which the following oc¬ 
curred:) 

134 Cross-Examination 

By Mr. Cochran: 

Q. Mr. Bartholomew, I wish you would refer to the chart 
which is an enlargement of Figure 3 of your application 
and answer some questions concerning that. 

I understand that the curves A, B, and C represent the 
highest useful compression ratio where there is no lead 
added to the fuel. That is right? A. That is correct. 
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Q. And that along a perpendicular line the difference in 
knocking tendency, for instance, between cylinder A and 
i cylinder B, would be represented by the distance between 
the two at that point? A. That is right. 

Q. So, in any case, for a given percentage of vapor in the 
fuel, the knocking tency would be measured by the vertical 
distance between the two curves? A. The difference in 
knocking tendency? 

' Q. The difference in knocking tendency, yes. A. Yes. 

■ Q. Well, now, if you would take an engine in which the 
' compression ratio was, for instance, 6.1—^that is repre¬ 
sented, I believe, on the vertical scale— A. That is right. 

Q. Then, with no lead in the fuel and with, say, about an 
80 percentage of vapor in the fuel, you would get a very 
great deal of knocking, would you not, in the A, B, and C 
cylinders? A. Yes. 

Q. On the other hand, if you put in some of the 
135 lead compounds, lead alkyls, as shown here, 3.15 
grams per gallon, and used that engine with the same 
compression, you would not get any knocking in any of those 
cylinders, would you? A. That is right; all of them would 
have the knock eliminated. 

Q. There would be no knocking in any of them anywhere 
along this range, say, down from 70 to 100 percentage of 
fuel vapor? A. That is correct. 

Q. The knocking and the tendency to knock would be 
eliminated, would it not? A. That is right. 

Q. Let us consider the other three curves, A prime, B 
prime, and C prime, of your Figure 3 in connection with 
the lower curves. A, B, and C. I believe you said that the 
difference in tendency to knock is measured by the distance 
between corresponding vertical points on the curves? A. 
Yes. 

Q. Let us take points on the curves corresponding to about 
78 per cent of fuel in the vapor state. Is it not true that the 
distance between the point on the curve C and the point on 
the curve A is much greater when there is no lead in it 
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than when you have put lead in it? A. There is some re¬ 
duction in the height of the line. 

Q. Is it not a very distinct and material reduction? A. 
Well, I don^t know. Yes, about 10 per cent, maybe; some¬ 
thing like that. 

Q. Is it not more like 25 per cent? A. Well, perhaps it 
is. There are about divisions above—3.4, say; about 
3^. And below there are, oh, 4.1, perhaps; some- 
136 thing like that. There are perhaps 12 or 15 per cent; 
something like that. 

That represents a reduction, does it not, in the variation 
of tendency to knock when you put in the lead as compared 
to the tendency to knock when you do not have the lead? A. 
That is right, for the conditions existing when those par¬ 
ticular tests were made. 

Q. Yes. Well, is not that the reverse of what you said 
in your other testimony; that you increased, by putting in 
your compound, the difference in the tendency to knock? 
A. I do, except that I did not have my compound in the 
gasoline when this particular chart was made. 

Q. This chart does not, then, prove anything about the 
matter? A. Well, yes it does, because my mixture is not 
distributed as well or in such a manner as to give the lead 
as good lead distribution among the cylinders as for this 
chart. The chart had to be drawn on some basis for pur¬ 
poses of illustration. I have constructed many other charts 
covering mixes which I have described. 

Q. This chart does not prove your point; is that it? A. 
It does not prove the point except in this manner: that I 
have shown what happens with the concentration of lead 
indicated there. I have indicated in the specification that I 
am not able to obtain such an efficient distribution of lead 
with any of my mixtures. Therefore, my mixtures are 
worse with respect to distribution and also with respect to 
the effect on variations of cylinder knocking tendency. 

Q. If we went by this chart, it would be contrary to your 
testimony as to elimination of variation of cylinder 
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137 knocking, would it not? A. Well, even tliat chart 
does not eliminate it. Within small limits there is 

no difference between the two. 

Q. It decreases it, does it not, anyhow, as shown here? 
A. As shown there, there is a small decrease for that par¬ 
ticular condition. 

I Q. This chart, then, does not demonstrate that you have 
proceeded in the opposite direction, does it? A. I do not 
say that it demonstrates anything except what the con¬ 
ditions thereon state—^that is, except with respect to the 
conditions thereon stated. 

Q. Well, taking these sets of curves anywhere from, say, 
78 per cent fuel vapor on down to 100%, the variation 
of cylinder knocking as shown on this chart is always less 
when your products are added than it is without the pro¬ 
ducts ; is that right? A. Only when lead in that concentra¬ 
tion was added. In my mixture— 

Q. But this does not represent your mixture. A. That 
is right. 

Q. These upper primes, A prime, B prime, and C prime, 
do not represent what you claim in your case? A. That is 
correct. 

Q. Mr. Bartholomew, you do not always use the same mix¬ 
ture of these lead alkyls, do you? Is it not true that it is 
a matter of judgment, depending on the climate and the time 
of year? You do not have a definite percentage of tri¬ 
methyl-ethyl or di-methyl di-ethyl? A. No. As I state in 
the application, the proportions may be varied to suit the 
changes in climatic conditions or types of engine op- 

138 eration or other factors that may have a bearing on 
the requirements. 

Q. How do you determine that? By experiment? A. I 
have determined that by reference to Figure 4. 

Mr. Wiegand. What was that question? 

By Mr. Cochran: 

Q. How do you determine what proportions of the in¬ 
gredients to put in? Is it done by experiment? A. By a 
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limited amount of experimental work after reference to the 
curves D, E, and F, and similar curves, which I said yester¬ 
day lie in between D and E but which arc not shown on 
Figure 4, in the interest of simplicity. 

Q. The materials you add to the gasoline to stop the 
knocking are the same materials as those specified in the 
claim as suggested to you by the Examiner? A. They are 
included among those named in the claim. Sometimes I 
use only three, sometimes four. In some cases it may be 
five, but not invariably. 

Q. But all of those are included in the claim which was 
suggested to you by the Examiner? A. They are. 

Q. Your objection to making the claim was that you did 
not think that those materials would produce the result 
which the Examiner said they would? 

Mr. Wiegand. I do not know whether he was the one who 
decided to make the claim or not, but I am willing to have 
the answer come. That is a lawyer’s problem. 

Mr. Cochran. I will withdraw that question. 

Mr. Wiegand. Go ahead with it if you want it. 

The Witness. What was the question, please? 

139 The Reporter (reading): 

“Question. Your objection to making the claim 
was that you did not think that those materials would pro¬ 
duce the result which the Examiner said they would?” 

The Court. That is, the suggested claim? 

Mr. Wiegand. Yes. 

The Witness. My use of the materials does not produce 
the result outlined in the Examiner’s suggested claim. 

By Mr. Cochran: 

Q. The materials are the same, are they not? A. Well, 
the materials used, irrespective of proportions, are the 
same materials. That is, I may or may not use all of those 
suggested by the Examiner. 
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Q. Well, if anyone used the same materials in the same 
proportions, he would get the same result? No matter 
what the Examiner said, he would get the same result? A. 
The same result? 

Q. Regardless of what the Examiner thought the result 
might be or regardless of what the claim said the result 
would be, the materials would be the same, and the result 
would be the same? A. I take it that you mean that if the 
five materials suggested by the Examiner were used in a 
given proportion, the result from the same conditions 
would be always the same? 

Q. Yes. A. That is correct. 

Q. There are many of your claims which do not state any 
proportions; is not that true? A. In all cases they give 
direction. 

Q. I should like you to refer to claim 6 of your 
140 application. 

Mr. Wiegand. May I show the witness the copy in 
the bill of complaint, so that we will have no confusion 
about it? 

By Mr. Cochran: 

Q. Considering, for example, claim 6, that claim repre¬ 
sents : 

‘‘A product comprising a motor fuel and a primary anti¬ 
knock agent consisting of lead tri-methyl-ethyl, lead di¬ 
methyl di-ethyl, and lead tri-methyl-ethyl, lead di-methyl 
di-ethyl, and lead tri-ethyl-methyl.” 

That does not contain any directions or proportions, does 
it? 

A. In this respect: three of the five are chosen. 

Q. All those were included, however, in the claim sug¬ 
gested by the Examiner? A. They were named in the 
claim. 

Q. You on occasion do use the others mentioned also in 
the claim? A. Under conditions outlined in the applica¬ 
tion, but not in a wide range of proportions. For example, 
tetramethyl: I have stated that if it is to be used at all, it 
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shonld be used in small percentage, not exceeding 15 per 
cent. 

Q. I should like you to refer to the patents on which you 
were examined this morning, the Sullivan, Voorhees, Shap- 
pirio, and Midgley patents. I merely want to ask you some 
general questions on them. A. Yes. 

Q. It is true, is it not, that all of them disclose the use 
of lead alkyls in connection with gasoline? A. I 
141 believe that is correct. Yes, I believe that some men¬ 
tion of lead alkyls is made in each one. 

Q. And all in connection with the use of gasoline to min¬ 
imize knocking? A. Yes. 

Q. Lead alkyls is a general name for the class of materials 
which includes the one you used in your claim or applica¬ 
tion? A. That is right. 

Mr. Cochran. I think that is all. 

Redirect Examination 
By Mr. Wiegand: 

Q. Will you take Figure 2 of your application—^we have 
an enlargement of that on this chart—and explain to the 
Court how the lead alkyls are distributed? A. It will be 
recalled that cylinder A in Figure 2 received substantially 
only vaporized fuel along with the air entering cylinder A; 
that cylinder B received vaporized fuel and air, and also 
liquid fuel in the same proportions as in the mixture leav¬ 
ing the carburetor; that cylinder C received vaporized fuel, 
air, the normal amount of liquid fuel, and the liquid fuel 
which under conditions of perfect distribution would have 
entered cylinder A. 

Now, the distribution of the lead alkyls follows the same 
pattern as the distribution of the fractions of the fuel. That 
is, vaporized lead alkyls is distributed substantially uni¬ 
formly to all cylinders. Unvaporized lead alkyls are dis¬ 
tributed unevenly among the cylinders. Cylinder C would re¬ 
ceive the same excess of unvaporized lead alkyl as cylinder 
C receives the excess of unvaporized heavy ends of fuel. 

• ••••••• •• 
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exhibits. 

157 Petition 
To the Oommissioner of Patents: 

! Your petitioner, Earl Bartholomew, a citizen of the 
United States and resident of Birmingham, County of Oak¬ 
land, and State of Michigan, whose post-office address is 
P. O. Box 271, Birmingham, Michigan, prays that Letters 
Patent may be granted to him for the improvements in 

—^Method and Means for Improving Engine Operation— 

set forth in the annexed specification. 

I And he hereby appoints Joe W. Morrison, c/o Ethyl Gas¬ 
oline Corporation, Chrysler Building, New York City, Eeg- 
istration No. 11,083, his attorney, with full power of asso¬ 
ciation, substitution and revocation, to prosecute this 
application, to make alterations and amen<hnents therein, 
to sign his name to the drawings, to receive the patent, and 
to transact all business in the Patent Office connected there¬ 
with. 

EAEL BARTHOLOMEW 
Specification 

To AH Whom It May Concern: 

Be it known that I, Earl Bartholomew, a citizens of the 
United States and resident of Birmingham, County of 
Oakland, and State of Michigan have invented certain new 
and useful improvements in 

—^Method and Means for Improving Engine Operation— 

of which the following is a full, clear, concise and exact 
description, such as will enable others skilled in the art to 
which the invention relates to make and use the same. 

158 This invention relates to modes for improving the 
operation of internal combustion engines. When 

lead tetraethyl was first used as an anti-knock agent, auto¬ 
mobile engines were of the low duty type, i. e., the speed 
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range was relatively small, manifolds had relatively small 
passages and substantial heating of intake manifolds was 
commonly employed. Under these conditions, lead tetra¬ 
ethyl was one of the most eflGicient lead anti-knock com¬ 
pounds known and although other lead compounds, partic¬ 
ularly lead alkyl compounds, were generally known and 
some tried, they did not possess the commercial practica¬ 
bility of lead tetraethyl. 

It has been commonly understood that knocking in a 
given engine is the result of abnormal combustion, that its 
occurrence and severity under any given engine operating 
condition are governed chiefly, in the absence of added 
anti-knock compounds, by the chemical composition of the 
fuel, and that an improvement in conditions involving knock¬ 
ing revolves chiefly around a study of and dianges in the 
base fuel. Gasolines are mixtures of hydrocarbons having 
a wide range of boiling points and molecular structure. 
The usual commercial gasolines have low-boiling fractions 
termed ‘‘light ends’^ which have good anti-knock value and 
higher-boiling fractions termed “heavy ends’’ which have 
relatively poor anti-knock value. 

It is commonly known that knocking in automobile en¬ 
gines may occur at either high speed or low speed and that 
a given engine may knock at both high and low speeds. I 
have found that variations in conditions of operation within 
an engine, while other factors remain constant, have a 
greater influence on low speed knocking than the relative 
anti-knock values of the different fuel fractions. I 
159 have also found that the “heavy ends”, of lower 
anti-knock value, usually have little influence on the 
occurrence and severity of low speed knocking. Under con¬ 
ditions of high speed knocking, the “heavy ends”, with the 
other fractions of the fuel, determine the over-all or unitary 
anti-knock value of a given fuel, but at low speed it is usu¬ 
ally the lighter fractions, having the better anti-knock value, 
which control the occurrence and severity of knocking. 

The characteristics of engines, base fuels and admixed 
anti-knock compounds are interdependent in the determina- 
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tion of the occurrence and severity of knocking. I have 
found that the different lead alkyl anti-knock compounds 
have certain different properties which, as related to cer¬ 
tain properties of base fuels and features of engiue design, 
form a broad background for improving engine operation. 
I have also found that these fundamental characteristics 
may be correlated to improve engine performance. 

The objects of the present invention are to so direct this 
correlation that improved performance may be obtained 
imder the varied conditions of operation of low duty and 
high duty internal combustion engines. By high duty en¬ 
gines I mean engines capable of operating at high volu¬ 
metric efficiency over a wide range of rotative speeds. 

I have found that mixtures of the three methyl-ethyl lead 
derivatives may be used, with or without other lead alkyls, 
with the various types of gasoline marketed to obtain bet¬ 
ter results in variable-speed, low duty and high duty engines 
than are obtainable under a wide range of operating condi¬ 
tions with any single lead alkyl. The three mixed methyl- 
ethyl lead derivatives are lead tri-methyl-ethyl, lead di¬ 
methyl di-ethyl, and lead tri-ethyl-methyl. T^e problem 
of knocking is more difficult with the high duty engine and 
this invention j&nds its greatest utility in that field. The 
lead alkyls chosen for the lead alkyl mixture may be varied 
as well as their relative quantities to meet different 
160 conditions such as variations in the manner in which 
the car is driven, climatic conditions, the base fuel 
with which the anti-knock is used and the Mnd and condi¬ 
tion of the engine. Where the engine may be operated with 
wide variance in some or all of these conditions the anti- 
' knock mixture may be chosen in accordance with my inven¬ 
tion so as to give a high average engine performance 
I throughout. 

In order that the invention may be more clearly under¬ 
stood, reference will now be made to the accompanying 
drawings, which illustrate engine operatmg conditions and 
also show the change of the anti-knock properties of the 
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various lead alkyl compounds under varying engine operat¬ 
ing conditions. 

Figure 1 is a chart showing the octane number of that 
percentage of a representative commercial gasoline which 
is delivered in the vapor state by the manifold to the cyl¬ 
inders ; 

Figure 2 is a diagrammatic drawing, partly in section, of 
a portion of a six-cylinder engine with its intake manifold, 
carburetor and pistons. The pistons are all shown at their 
bottom dead center positions, giving equal volumes in all 
the cylinders, to permit the illustration of fuel distribution 
to three of the six cylinders at low engine speed when little 
or no heat is applied to the intake manifold; 

Figure 3 is a chart showing, for conditions of imperfect 
fuel distribution, the variation in knocking tendency of these 
three cylinders of a multi-cylinder engine as the carburetor 
air-fuel ratio and per cent of fuel vaporization are varied; 

Figure 4 is a chart with curves showing the trend of ef¬ 
fectiveness of the lead alkyl anti-knock compounds, when 
added in equal concentrations of lead to a representative 
gasoline and utilized in the leanest cylinder of an engine 
operating at low speed with various percentages of fuel 
leaving the manifold in the vapor state. A similar curve 
is shown which is applicable to all the cylinders of the same 
engine under conditions of equal distribution of fuel to the 
cylinders. 

161 I find that a better use of anti-knock agents de¬ 
pends primarily upon how the engine distributes and 
utilizes the gasoline-air mixtures. As gasoline enters the 
air stream in the carburetor of an internal combustion en¬ 
gine, the lightest or most volatile portions of the gasoline 
are vaporized and mixed with the air. The air-fuel vapor 
mixture and the unvaporized liquid fuel enter the intake 
manifold where the temperature is usually high enough to 
cause the vaporization of the more volatile portions of that 
part of the fuel which enters the manifold in the liquid 
state. The heavier portions of the fuel, except under con- 
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ditions of very high intake manifold temperatures seldom 
attained in the normal operation of automobile engines, 
remain in the liquid state until they enter the cylinders 
where they are normally completely vaporized before com¬ 
bustion starts. The percentage of the fuel vaporized in 
the manifold varies with the design of the engine, including 
the intake manifold, and with the conditions of engine op¬ 
eration. 

Superimposed on the above described factors governing 
linocking xmder conditions of constant speed operation are 
those introduced by acceleration. When the throttle is 
opened suddenly, the greater inertia of the liquid fuel causes 
it to lag behind the air-vapor mixture in passmg from the 
carburetor to the cylinders, with the result that missing 
would occur during the first few revolutions except for the 
additional fuel charge provided by the carburetor accelerat¬ 
ing well or other means immediately after the throttle is 
opened. This additional fuel for acceleration provides ad¬ 
ditional light ends which, together with those in the con¬ 
stant speed charge, provide approximately maximum 
power mixtures in all the cylinders. 

The fuel fractions or portions which are in the vapor 
state on leaving the manifold have varying octane numbers, 
depending on the composition of the fuel and the percen¬ 
tage of the fuel which is vaporized. Figure 1 illustrates 
how, for a representative fuel, the octane numbers of the 
vaporized fractions or portions leaving the manifold vary 
according to the extent of vaporization in the mani- 
162 fold and carburetor. 

The term “octane number’’, as used herein, is in¬ 
tended to indicate the percent of 2.2.4 trimethyl pentane in 
a mixture of 2.2.4 trimethyl pentane and normal heptane 
which has the same knocking tendency as the fuel or fuel 
fraction in question when compared at their respective 
maximum knock air-fuel ratios at wide open throttle and 
low speed. 

i In the chart of Figure 1 the abscissa shows the percentage 
of a gasoline which is vaporized. The ordinate shows the 
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octane niimber of the vaporized portion. That chart shows 
that when 55% of the fnel is vaporized the octane number 
of that 55% is about 67. When 80% of the fuel is vaporized 
the octane number of that 80% is about 58. The addition 
of the heavier ends by vaporization to the portion already 
vaporized markedly reduces the octane number of the re¬ 
sulting vapor portion. It follows that the smaller the va¬ 
porized portion of the fuel the higher is its octane number. 
The curve of Figue 1 is representative of practically all 
gasolines now marketed. 

In Figure 2, three cylinders of a six-cylinder engine are 
shown diagrammatically, by way of example, to illustrate 
three different mixture conditions in the cylinders. In this 
Figure the engine 10, has a carburetor 11, a down-draft 
manifold 12, with its horizontal header 13, intake ports 14, 
exhaust ports 15 and pistons 16. The cylinders are lettered 
A, B and C. The pistons are not shown in their normal 
relative positions, connected to a crank-shaft. Instead, 
all are shown in their bottom dead-center positions to illus¬ 
trate the equal capacity of the cylinders for receiving a 
charge and to illustrate the nature of the charges received 
by the cylinders when the engine is operating at wide open 
throttle and low speed. 

Vapor-air mixtures are indicated in Figure 2 by the 
broken cross-hatch lines, the relative concentration of the 
vapor being indicated by the relative heaviness of the cross- 
hatch lines. Unvaporized heavy ends of the gasoline 
163 are shown in the figure as drops 17, which are ulti¬ 
mately vaporized in the cylinder by heat from resid¬ 
ual exhaust gas, metal surfaces and other sources. This 
showing is purely diagrammatic and not intended either to 
represent position or to be quantitative. 

In the operation of an automobile engine the portion of 
the fuel usually vaporized in the carburetor and manifold 
(for example 55 to 90 percent) is distributed in substantially 
equal quantities to all of the cylinders with substantially 
equal quantities of air. In the distribution of the heavier 
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portions of the fuel, not vaporized in the carburetor or 
manifold, there are three significant conditions met in a 
multi-cylinder engine, as follows: 

(1) One or more cylinders A may receive only light ends 
vaporized in the carburetor and manifold, and substantially 
no liquid heavy ends. 

' (2) One or more cylinders B may receive vaporized light 
ends and liquid heavy ends in such proportions that the 
composition of the fuel and ratio of weight of air to weight 
of fuel are substantially the same as for the mixture leav¬ 
ing the carburetor. 

' (3) One or more cylinders C may receive vaporized light 
ends and liquid heavy ends in the same ratio as under con¬ 
ditions (2) referred to above, and, in addition, the liquid 
heavy ends which under conditions of perfect distribution 
would have entered the first mentioned cylinders A. These 
three conditions are the result of the uneven distribution 
of the heavier liquid portions of the fuel to the several 
Oylinders, the distribution being infiuenced by the dimen¬ 
sions and shapes of the manifold, the speed of the engine, 
and other factors. The heavy ends which enter the cylin¬ 
ders as liquid under the latter two conditions may be va¬ 
porized immediately upon contacting the heated cylinder 
and piston surfaces but in any case are usually vaporized 
before combustion is initiated. The cylinders receive sub¬ 
stantially the same quantity of air but different quantities 
and compositions of fuel The richness of the mix- 
164 ture or the relative quantity of fuel present is indi¬ 
cated in Figure 2 by the heaviness of the cross-hatch 
lines. Cylinder A is seen to have a large ratio of air to 
fuel, cylinder B a smaller ratio of air to fuel, and cylinder 
C a still smaller ratio of air to fuel. Cylinder A has the 
leanest mixture and cylinder C has the richest mixture. The 
additional fuel in cylinder C, which causes this mixture to 
be the richest, consists of the heavy ends which, xmder con¬ 
ditions of good distribution, would have entered cylinder 
A and which we see from Figure 1 have low anti-kuock 
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value. Cylinder A which has the leanest mixture contains 
the part of the fuel having the best anti-knock value but, 
owing to the leanness of the mixture, the knocking tendency 
of the mixture in cylinder A is greater than that in cylinder 
B. The knocking tendency of the mixture in cylinder B, 
in turn, is greater than that in cylinder C, which has the 
richest mixture, as will be explained hereafter. These and 
intermediate conditions normally exist when low speed 
knocking occurs. I find that during conditions existing in 
the summer time the unequal distribution of fuel described 
above occurs at substantially constant car speeds up to 
about 25 miles an hour. Under more adverse conditions, 
such as winter operation, less heat applied to the intake 
manifold or the use of less volatile fuel, the unequal distri¬ 
bution of fuel may persist at even higher car speeds. 

At substantially constant car speeds above approximately 
35 miles an hour the velocity of the mixture of air and fuel 
vapor in the intake manifold is usually sufficiently high to 
entrain the liquid portion of the fuel and distribute it in 
substantially equal quantities to all the cylnders. Under 
this condition all the cylinders receive charges which are 
substantially the same and the charges in all the cylinders 
have the characteristics of the charge in cylinder B in Fig¬ 
ure 2. 

Equal distribution of the fuel at low speed also occurs 
if the intake manifold temperature is sufficiently high 
165 to vaporize all the fuel. This condition may occa¬ 
sionally exist during hot weather operation. After 
a car has been driven at high speed during hot weather, the 
heat built up in the engine is sometimes sufficient to cause 
complete vaporization of the fuel in the intake manifold 
during low speed operation immediately following. The 
effects of increased temperature and of increased speed 
are to improve distribution, hence the range of engine speed 
over which good distribution occurs is governed by a com¬ 
bination of factors such as engine speed and load, climatic 
conditions and the type and condition of the engine itself. 
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Under conditions of wide-open throttle operation at con¬ 
stant low speed (for example when ascending a hill), the 
carbnretor air-fnel ratios of automobile engines, now being 
marketed, are usually in the range from 10.0 to 1, to 12.5 
to 1, and the mixture ratio of the leanest cylinder under 
the same conditions usually does not exceed about 14.0 to 
1. Carburetor air-fuel ratios in this range are employed 
for the development of maximum engine power under con¬ 
ditions of poor distribution. 

I find that under such conditions the various cylinders re¬ 
ceive mixture ratios ranging between the leanest, which is 
usually about 14.0 to 1, and the richest, which is richer than 
the carburetor air-fuel ratio of 10.0 or 12.5 to 1. During 
manual or automatic choking in periods of warming up or 
very low atmospheric temperature, carburetor air-fuel ra¬ 
tios may be much richer than 10.0 to 1. They are usually 
richer also immediately after the quick opening of the throt¬ 
tle during acceleration. 

Fuel octane number and mixture ratio are factors which 
influence the design of an engine for the production of 
maximum power and economy. The highest compression 
ratio that may be used without knocking, commonly called 
the highest useful compression ratio (H.U.C.R.), is a mea¬ 
sure of the utility of these two factors when other factors 
remain constant. Figure 3 illustrates the H.U.C.R. of cyl¬ 
inders A, B and C of Figure 2 as carburetor air-fuel ratio 
and fuel vaporization in the carburetor and manifold are 
varied. 

166 The chart of Figure 3 has as its scales of abscissae 
the carburetor air-fuel ratio and the per cent of 
vaporized fuel leaving the manifold. The chart has as its 
left scale of ordinates the highest useful compression ratio 
(H. U. C. R.). The chart has as its right hand scale of or¬ 
dinates the air-fuel ratio of cylinder C. Curves A, B and 
C of the chart show the highest useful compression ratio of 
cylinders A, B and C of Figure 2 as the carburetor air-fuel 
ratio and per cent of vaporized fuel leaving the manifold 
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are varied. For purposes of comparison and because the 
mixture ratio in the leanest cylinders of automobile engines 
does not vary widely, I here choose to consider only those 
cases where the mixture ratio in the leanest cylinder (A) is 
constant and is of the order of 14.0 to 1. In order for cyl¬ 
inder A to operate at this constant air-fuel ratio as the 
percent of fuel vaporized in the carburetor and manifold 
decreases, it is necessary that the carburetor air-fuel ratio 
be increased. Cylinder B is assumed to receive fuel of the 
same composition and to have the same mixture ratio as 
that delivered by the carburetor. Cylinder C is assumed 
to receive the same fuel as received by cylinder B plus the 
liquid portions which under conditions of perfect distribu¬ 
tion would have entered cylinder A. Cyliader C has the 
richest mixture and its mixture ratios are read from the 
right hand scale of ordinates. 

Curve B, of Figure 3, shows that the highest useful com¬ 
pression ratio of cylinder B, of Figure 2, varies as the mix¬ 
ture ratio in the cylinder is varied. At a cylinder air-fuel 
ratio of about 13,8 to 1 the knocking tendency of the mix¬ 
ture in the cylinder is greatest, as is indicated on the curve 
by the lowest H. U. C. R. This air-fuel ratio at which the 
knocking tendency is greatest is known as the maximum 
knock air-fuel ratio. At mixture ratios richer or leaner than 
the maximum knock air-fuel ratio the knocking tendency of 
the mixture in the cylinder is less and the diminution 
167 in knocking tendency becomes greater as the mixture 
ratio is made progressively richer or leaner. 

Curve A shows that as the percentage of fuel vaporized 
in the carburetor and manifold decreases, and as the car¬ 
buretor air-fuel ratio is made correspondingly richer to 
maintain the air-fuel ratio constant in cylinder A, the high¬ 
est useful compression ratio for cylinder A also increases, 
notwithstanding the fact that its air-fuel ratio remains con¬ 
stant. This is due to the fact that the fuel entering cylinder 
A consists of progressively lighter ends which have cor¬ 
respondingly higher octane numbers. The resulting in- 
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creases in H. U. C. R. of cylinder A due to the higher anti¬ 
knock value of these lighter ends is not as great as the cor¬ 
responding increases in H. U. C. R. of cylinder B obtained 
by the accompanying richening of the mixture therein. 

As the percentage of fuel vaporized in the carburetor and 
manifold is decreased, and the carburetor mixture is cor¬ 
respondingly richened, cylinder C receives an increasing 
proportion of heavy ends of low octane number, hence the 
octane number of the fuel in cylinder C decreases. How¬ 
ever, curve C of Figure 3 shows that as the carburetor mix¬ 
ture is richened cylinder C knocks progressively less. This 
is due to the fact that as the mixture in the cylinder is rich¬ 
ened, the resultant decrease in knocking tendency is more 
than sufficient to offset the effect of the lower octane number 
of the fuel. The result is that under engine operating con¬ 
ditions with poor distribution, the H.XJ.C.R. of cylinder C is 
greater than that for either cylinder B or cylinder A. The 
H.U.C.R.S of the several cylinders vary more because of 
changes in cylinder air-fuel ratio under conditions of im¬ 
perfect distribution than they do because of changes in the 
relative anti-knock value of the light and heavy ends of the 
fuel. 

Curves A', B' aud C' of Figure 3 show the highest useful 

, compression ratio for cylinders A, B and C respec- 
168 tively when the fuels of curves A', B' and O' contain 
a lead alkyl in a concentration of 3.00 grams of lead 
per gallon of fuel received by the cylinder. The addition of 
the lead to the fuel changes neither the general shapes of 
the curves for the three cylinders nor the positions of the 
curves with respect to each other. Rich cylinder C with¬ 
out lead in the fuel has a higher useful compression ratio 
than lean cylinder A with lead in the fuel when less than 
approximately 75 % of the fuel leaves the manifold in the 
vapor state. 

Cylinder A, containing substantially only the lighter ends 
of the gasoline, has the leanest mixture ratio and is in 
greatest need of the assistance of lead alkyl anti-knock 
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compounds. In a multi-cylinder engine there may be sev¬ 
eral cylinders having the conditions of cylinder A and these 
conditions shift around among the cylinders during opera¬ 
tion. The ideal solution of this problem would be to dis¬ 
tribute the anti-knock agent in accordance with the needs 
of each cylinder but this is impractical. The next most de¬ 
sirable result would be obtained by using a lead alkyl so 
volatile that at all times it would he in the vapor portion of 
the fuel charge and so be equally distributed among the cy¬ 
linders. Such a lead alkyl does not exist. 

Other important factors involved, in addition to the fac¬ 
tor of lead alkyl distribution to the cylinders, are the in¬ 
herent anti-knock effect of the different lead alkyls (anti¬ 
knock effect per unit weight of lead) and the variation in 
inherent anti-knock effect under different operating con¬ 
ditions. I find that the apparent advantage of low boiling 
lead alkyls during poor distribution is offset in varying de¬ 
grees by the relatively low inherent anti-knock effect of 
these alkyls during good distribution. I also find there is 
an advantage in using a mixture containing certain low boil¬ 
ing lead alkyls and certain lead alkyls which have higher 
inherent anti-knock effect, and which have less variation in 
anti-knock effect as operating conditions change even 
though the latter lead alkyls have a higher boiling point. 

The curves of Figure 4 show the octane numbers of 
169 the vaporized portions of mixtures of the base fuel of 

Figure 1 and some of the lead alkyls under three rep¬ 
resentative operating conditions of cylinder A, namely with 
53% (poor distribution, curve E), 87% (good distribution, 
curve F), and 100% (perfect distribution, curve D) of the 
fuel leaving the manifold in the vapor state. The condition 
of 100% of the fuel leaving the manifold in the vapor state 
for cylinder A is also representative of the same condition 
for cylinders B and C. In Figure 4, one scale of abscissae 
denotes some of the lead alkyls by the number of carbon 
atoms in the lead alkyl molecules, up to and including 12 
carbon atoms, and the other scale of abscissae the corre- 
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spending boiling points of these alkyls at a pressnre of 
13 millimeters of mercury. The scale of ordinates shows oc¬ 
tane numbers. In all cases the base fuel leaving the car¬ 
buretor contains a single lead alkyl in a concentration of 
3.00 grams of lead per United States gallon. 

Curve D on the chart shows the octane number of the mix¬ 
ture of fuel and anti-knock compound in all the cylinders of 
an engine operating at low speed with perfect distribution. 
Under these conditions the concentration of anti-knock com- 
poxmd in the fuel and the composition of the fuel in each 
of the cylinders is the same as in the fuel leaving the car¬ 
buretor. This curve shows the relative efficiency of the lead 
alkyls at low engine speed when no distribution problem 
exists, and will hereafter be referred to as the curve of in¬ 
herent anti-knock value at low speed. As such it serves as 
a reference curve. I have found that lead alkyl anti-knock 
compounds containing both methyl and normal propyl radi¬ 
cals, such as lead tri-methyl propyl, and compounds con¬ 
taining iso-propyl radicals, such as lead di-ethyl di¬ 
isopropyl, have lower inherent anti-knock effect than com¬ 
pounds shown on curve D of Figure 4. Since those com¬ 
pounds having lower inherent anti-knock effect have less 
commercial utility the chart of Figure 4 has been simplified 
by omitting them. 

170 Lead tri-ethyl methyl has the highest inherent anti¬ 
knock value under the low speed conditions shown by 
curve D, and the inherent anti-knock effect of the other lead 
alkyls diminishes as the number of carbon atoms is in¬ 
creased or decreased. Of the alkyls shown on curve D, lead 
tetramethyl has the lowest inherent anti-knock value. I 
find that in some commercial gasolines the 7 carbon atom 
compound (lead tri-ethyl methyl) is a little better than the 
8 carbon atom compound (lead tetra-ethyl), and in other 
commercial gasolines the 8 carbon atom compound is bet¬ 
ter than the 7 carbon atom compound. The difference be¬ 
tween the two in any case is small, and so I consider them 
as on a par. 
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Curve E shows the relative anti-knock effect of the same 
lead alkyls under low speed condition where only 53% of 
the fuel is delivered in the vapor state by the manifold to 
cylinder A of Figure 2. Lead tetramethyl shows the great¬ 
est anti-knock effect, and the effectiveness of the other 
alkyls decreases progressively with an increase in the num¬ 
ber of carbon atoms in the molecule. The greater anti¬ 
knock effect of the alkyls having a small number of carbon 
atoms is due to the higher volatility of these compounds 
which results in a greater percentage being distributed with 
the portion of the fuel in the vapor state. Curve F is a sim¬ 
ilar curve for engine operating conditions where 87% of the 
fuel is delivered in the vapor state to cylinder A of Figure 
2. It will be noted from these three curves that, as engine 
conditions are changed toward perfect fuel distribution, 
the effectiveness of lead tetramethyl and lead tri-methyl 
ethyl falls toward their points on the inherent curve D 
while the effectiveness of the remaining alkyls rises toward 
their points on the inherent curve D. 

The high effectiveness of the low carbon atom lead alkyls 
is found in slow speed winter time driving before the engine 
is warmed up. As the engine warms up the operating con¬ 
ditions approach those given on curve D. The high appar¬ 
ent effect of lead tetramethyl may be useful for but 
171 a short period of driving. The problem of the dis¬ 
tribution and utility of the lead alkyls is emphasized 
during engine acceleration. During the first few revolu¬ 
tions after the quick opening of the throttle, all the cylinders 
receive substantially only vaporized fuel, and therefore lead 
alkyls are effective during this period insofar as they are 
vaporized and enter the cylinders with the vaporized fuel. 
Good volatility of the alkyl is desirable to meet this con¬ 
dition. 

At higher engine speeds or higher manifold temperatures 
where substantially uniform distribution of fuel occurs, the 
anti-knock agent is distributed substantially equally and 
inherent anti-knock effectiveness is the controlling factor 
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because at high engine speeds engines are usually quite 
sensitive to small changes in the anti-knock value of the 
fuel. At high car speed imder conditions of perfect distri¬ 
bution the lead alkyls containing from 8 to 12 carbon atoms 
have substantially the inherent anti-knock values shown on 
curve D. The 6 and 7 carbon atom compounds have slightly 
less anti-knock value than the 8 carbon atom compound and 
the 4 and 5 carbon atom compounds considerably less in¬ 
herent effectiveness than indicated by curve D, lead tetra- 
methyl having the greatest loss in inherent effectiveness 
as engine speed is increased. Because of their greater loss 
of inherent anti-knock value at high car speed, lead tetra- 
methyl and lead tri-methyl ethyl do not have as high over¬ 
all effectiveness relative to lead di-methyl di-ethyl and lead 
tri-ethyl methyl as indicated by the points representing 
these compounds on Curve D. The boiling points of the 
compounds containing 6 or more carbon atoms, are a deter¬ 
rent to their use under conditions of poor distribution. I 
have found that the boiling points of the lead alkyls are cor¬ 
related with engine operating conditions instead of with the 
boiling points of the various fractions of the fuels. 

The addition of an anti-knock agent to a base fuel in¬ 
creases the H.XT.C.R. of an engine using this fuel. I find 
that the best anti-knock agent is a mixture of lead 
172 alkyls which gives the highest and most nearly uni¬ 
form increase in H.U.C.B. of an engine over the 
range of operating conditions under which it is used. I 
find that this mixture should contain in substantial quantity 
a lead alkyl which has high inherent anti-knock effectiveness 
over a wide range of engine speeds and as low a boiling 
point as possible consistent with this requirement, and that 
the 7 carbon atom compound, lead tri-ethyl-methyl, best 
meets these conditions. I find that this mixture should also 
contain in substantial quantity a lead alkyl which has a low 
boiling point, relatively high effectiveness under conditions 
of poor distribution and not too low inherent anti-knock ef¬ 
fectiveness over a wide range of engine speeds, and that the 
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5 carbon atom compound, lead tri-methyl-etbyl, best meets 
these conditions. The 6 carbon atom compound, lead di¬ 
methyl di-ethyl, has a relatively low boilmg point and a 
relatively high and substantially uniform anti-knock effec¬ 
tiveness over a wide range of engine speeds and I find that 
this compound should be used in the mixture in substantial, 
or even predominant, proportions. To meet the widest nor¬ 
mal range of operating conditions my preferred mixture 
consists, on a volume basis, of 25 percent lead tri-methyl- 
ethyl, 45 percent lead di-methyl di-ethyl and 30 percent lead 
tri-ethyl methyl. With this mixture I use one or more com¬ 
pounds, such as organic halides, in accordance with and for 
the purposes stated in Midgley United States Patent No. 
1,592,954, issued on July 20, 1926 and entitled Fuels I 
prefer to use, on a volume basis, in the final mixture, 23 per¬ 
cent of ethylene di-bromide, 14 percent of ethylene di¬ 
chloride and 63 percent of the lead alkyl mixture. 

The quantity of such mixture that is added to fuels de¬ 
pends on the composition of the fuels and the desired im¬ 
provement in the anti-knock value of the fuels. To one 
United States gallon of an average commercial gasoline as 
marketed in the United States, I usually add up to about 
4.5 c.c. of the final mixture; however, larger concentrations 
may be used. 

173 In the practice of my invention, a fuel-air mixture 
is compressed, in an internal combustion engine, to 
a compression pressure greater than the critical compres¬ 
sion pressure of the base fuel, and the fuel-air mixture is 
burned with the mixture of lead alkyls, with a resultant de¬ 
crease in knocking tendency. The final mixture containing 
lead alkyls may be mixed with the base fuel to form a new 
treated fuel or it may be injected into the intake manifold. 
In the former case the final mixture is carbureted and dis¬ 
tributed with the fuel-air mixture. 

Lead tetramethyl and lead tetra-ethyl may be used in the 
mixture and when these compounds are used my preferred 
mixture consists, on a volume basis, of 4.0 per cent lead 
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tetramethyl, 23 percent lead tri-methyl ethyl, 40 percent 
lead di-methyl di-ethyl, 27 percent lead tri-ethyl-methyl 
and 6 percent lead tetra-ethyl. The proportions of the 
methyl-ethyl lead alkyls, and of the tetra-methyl and tetra¬ 
ethyl compounds if the latter are used, may be varied to 
meet different ranges of climatic conditions, operating 
conditions and engine design. When cold weather or rela¬ 
tively low speed driving conditions prevail, a larger pro¬ 
portion of the lower boiling compounds and a smaller pro¬ 
portion of the higher boiling lead alkyl compounds may be 
used. If lead tetra-methyl is used in the mixture, I prefer 
to keep its concentration low and even in the coldest weather 
'to have its concentration less than 15 percent. When hot 
weather or relatively high speed driving conditions prevail, 
a higher proportion of the higher boiling compounds, and 
particularly lead tetra-ethyl, and a smaller proportion of the 
I lower boiling compounds may be used. The exact propor¬ 
tions to be used depend on the specific conditions to be met. 

Other lead alkyls may be used in the mixture but if 
present I prefer that they be employed in relatively small 
concentrations. The organic halides may be used with all 
these mixtures. 

The primary or basic anti-knock agent is the mixture of 
the three methyl-ethyl lead derivatives—^lead tri-methyl 
ethyl, lead di-methyl di-ethyl and lead tri-ethyl methyl. 

This primary or basic agent may be used alone or 
174 with other anti-knock compounds which modify the 
anti-knock effectiveness provided by different mix¬ 
tures of these three compounds. Where tetra-methyl lead is 
added I prefer that its concentration should not exceed 15 
percent based on lead present. 

As stated above lead tri-ethyl methyl and lead tetra-ethyl 
are about on a par except for boiling point and the differ¬ 
ence in the boiling points of these two compounds is not so 
material in hot weather. For these reasons le^ tetra-ethyl 
is taken as an equivalent for lead tri-ethyl-methyl in an anti¬ 
knock mixture for hot weather, and such mixture may have 


103 


a relatively large concentration of either or both of these 
compounds. Except for this hot weather mixture I prefer 
the concentration of other anti-knock compounds to be rela¬ 
tively small so as to merely modify the properties of the 
primary or basic anti-knock agent. 

I have found that when using the mixture or mixtures 
described above, under the conditions of imperfect fuel dis¬ 
tribution described with reference to cylinders A, B and C, 
that the knocking of the cylinder A is reduced to a minimum 
consistent with good engine performance over the entire 
range of operating conditions. 

The problems of distribution and of the use of lead alkyls, 
as anti-knocks, have been applied to a base fuel of the type 
shown in Figure 1. In the case of base fuels having a sub¬ 
stantially flat characteristic curve, i.e., all fractions of ap¬ 
proximately equal octane number, the H.TJ.C.R. of cylinder 
A of Figure 2 remains constant as the carburetor air-fuel 
ratio is varied and causes curve A of Figure 3 to become a 
substantially straight, horizontal line. As the carburetor 
air-fuel ratio is made richer than that for maximum knock, 
the H.U.C.E. of cylinders B and C increases faster than in 
the case of the fuel of Figure 1 since there is no depressing 
effect of heavy ends of low anti-knock value. Therefore cy¬ 
linder A, relative to cylinders B and C, is in even greater 
need of the assistance of lead alkyl anti-knock compounds. 

When the base fuel has a characteristic curve with 
175 with a slope opposite to that of the curve of Figure 
1, i.e., having heavy ends with higher anti-knock value 
than the lighter ends, the H.U.C.R. of cylinder A of Figure 
2 decreases as the carburetor air-fuel ratio is made richer 
than that for maximum knock, and the H.U.C.R. of cylin¬ 
ders B and C increases more rapidly than in either previous 
case as the heavy ends of high anti-knock value are added. 
Cylinder A, therefore, has the greatest possible need of the 
assistance of lead alkyls. I find that the use of fuels of the 
last two types described does not materially alter the prob¬ 
lem of the selection of the best lead alkyl mixture. 
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I Curve D of Figure 4 is applicable to base fuel stocks 
which constitute by far the major portion of the gasoline 
sold in the United States. A few unusual gasolines have 
curves of inherent lead alkyl anti-knock value which differ 
from curve D of Figure 4 in that the compound of maximum 
effectiveness is other than that containing seven or eight 
carbon atoms. However, in these fuels I find that the 
above described preferred mixtures give the best over-all 
results. 

My invention finds its greatest utility in high-duty en¬ 
gines. It is also useful in low-duty engines, particularly in 
the winter-time or under variable conditions of operation. 

It will be appreciated from the above description that the 
invention not only resides in the method of operating a gas¬ 
oline engine by means of the combustion of gasoline with 
the aforesaid anti-knock mixture or mixtures, but also re¬ 
sides in the various anti-knock mixtures as hereinbefore 
described, either alone or admixed with gasoline. 

It will also be appreciated that the invention is not only 
applicable for use with gasoline, such as the ordinary gaso¬ 
line of commerce, but is also applicable for use with mix¬ 
tures of gasoline and other fuels, for instance, alcohol or 
benzene-gasoline mixtures. 

176 I claim: 

1. The method of operating an internal combus¬ 
tion engine which comprises forming a combustible mix¬ 
ture of a motor fuel and air, compressing the mixture to 
a compression pressure greater than the critical compres¬ 
sion pressure of the motor fuel and burning the mixture to¬ 
gether with a primary antiknock agent comprising a mix¬ 
ture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and 
lead tri-ethyl-methyl. 

2. The method of operating an internal combustion en¬ 
gine which comprises forming a combustible mixture of a 
motor fuel and air, compressing the mixture to a compres¬ 
sion pressure greater than the critical compression pressure 
of the motor fuel and burning the mixture together with a 
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primary antiknock agent comprising a miaiture of lead tri- 
methyl-ethyl, lead di-methyl di-ethyl, and lead tri-ethyl- 
methyl in which antiknock mixture the lead dimethyl di¬ 
ethyl predominates. 

3. The method of operating an internal combustion engine 
which comprises forming a combustible mixture of a motor 
fuel and air, compressing the mixture to a compression 
pressure greater than the critical compression pressure of 
the motor fuel and burning the mixture together with a 
primary antiknock agent comprising a mixture of lead tri¬ 
methyl-ethyl, lead di-methyl di-ethyl, and lead tri-ethyl- 

methyl, and lead tetraethyl the concentration of the 

177 lead being greatest in the lead triethyl methyl and 
lead tetraethyl. 

4. The method of operating an internal combustion 
engine which comprises forming a cumbustable mixture of 
a motor fuel and air, compressing the mixture to a com¬ 
pression pressure greater than the critical compression 
pressure of the motor fuel and burning the mixture to¬ 
gether with a primary antiknock agent comprising a mix¬ 
ture of the three methyl-ethyl lead derivatives; and lead 
tetramethyl in a concentration not exceeding fifteen per¬ 
cent. 

5. A product comprising a motor fuel and an antiknock 
material having as its primary antiknock component a 
mixture of the three methyl-ethyl lead derivatives. 

6. A product comprising a motor fuel and a primary 
antiknock agent consisting of the three methyl-ethyl lead 
derivatives. 

7. A product comprising a motor fuel and an anti-knock 

material having as its primary antiknock com- 

178 ponent a mixture of the three methyl-ethyl lead de¬ 
rivatives, in which mixture the concentration of 

lead dimethyl diethyl predominates. 

8. A product comprising a motor fuel and a primary 
antiknock agent consisting of the three methyl-ethyl lead 
derivatives, in which the concentration of lead dimethyl 
diethyl predominates. 
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'9. A product comprising a motor fuel and an antiknock 
material having as its primary antiknock component a 
mixture of the three methyl-etiliyl lead derivatives, and 
lead tetramethyl in a concentration not exceeding fifteen 
percent. 

10. A product comprising a motor fuel and a primary 
antiknock agent consisting of the three metiiyl-ethyl lead 
derivatives, and lead tetramethyl in a concentration not 
exceeding fifteen percent. 

' 11. A product comprising a motor fuel and an antiknock 
agent comprising lead tri-methyl ethyl, lead dimethyl di¬ 
ethyl, lead triethyl methyl and lead tetraethyl and in 
which the greatest lead concentration is in the group con¬ 
sisting of lead triethyl methyl and lead tetraethyl. 

‘ 179 12. A product comprising a mixture of a motor 

fuel, a primary antiknock agent consisting of the 
three methyl-ethyl lead derivatives; and lead tetramethyl 
and lead tetraethyl present in relatively small concentra¬ 
tions. 

13. A product comprising a mixture of the three methyl- 
ethyl lead derivatives and an organic halide. 

' 14. A product comprising a mixture of the three methyl- 
ethyl lead derivatives, at least one other lead alkyl present 
in a relatively small proportional quantity, and an or¬ 
ganic halide. 

‘ 15. A product comprising a mixture of the three methyl- 
ethyl lead derivatives and lead tetramethyl in a concentra¬ 
tion not exceeding fifteen percent. 

I 16. A product comprising a mixture of lead tri-methyl 
ethyl, lead dimethyl diethyl, lead triethyl methyl and lead 
tetraethyl with the greatest lead concentration in the lead 
' triethyl methyl and lead tetraethyl. 

180 17. A product comprising a mixture of the three 

methyl-ethyl lead derivatives, lead tetramethyl in 
a concentration not exceeding fifteen percent and an or¬ 
ganic halide. 
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18. A product comprising a mixture of lead tri-methyl 
ethyl, lead dimethyl diethyl, lead triethyl methyl and lead 
tetraethyl with the greatest lead concentration in the lead 
triethyl methyl and lead tetraethyl, and an organic halide. 

19. The improved antiknock agent; and product com¬ 
prising a motor fuel and improved antiknock agent; and 
method of operating an internal combustion engine sub¬ 
stantially as described and for the purpose specified. 

181 In Testimony Whereof I affix my signature. 

EABL BARTHOLOMEW. 

Oath 

State of Michigan, County of Wayne, ss: 

Earl Bartholomew, the above named petitioner, being 
duly sworn, deposes and says: that he is a citizen of the 
United States and a resident of Birmingham, County of 
Oakland, and State of Michigan, that he verily believes 
himself to be the original, first and sole inventor of the 
improvement in 

—Method and Means for Improving Engine Operation— 

described and claimed in the annexed specification; that 
he does not know and does not believe that the same was 
ever known or used before his invention or discovery 
thereof, or patented or described in any printed publica¬ 
tion in any country before his invention or discovery 
thereof, or more than two years prior to this application, 
or in public use or on sale in the United States for more 
than two years prior to this application; that said inven¬ 
tion has not been patented in any country foreign to the 
United States on an application filed by him or his legal 
representatives or assigns more than twelve months prior 
to this application; and that no application for patent for 
the said invention has been filed by him or his legal repre- 
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sentatives or assigns in any country foreign to the United 
States. 

EARL BARTHOLOMEW. 

Sworn to and subscribed before me this 1st day of Sep¬ 
tember 1936. 

I MARIE M. MARTIN, 

(Seal) Notary Public, Wayne Co., 

My Commission expires Oct. 14, 1936 
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188 Eeferences cited: 

SnUivan 1,938,547 Dec. 5, 1933 44-9.01 

Voorhees 1,974,167 Sept. 18, 1934 44-9.01 

Alleman 1,949,948 Mar. 6, 1934 44-9.01 

Shappirio 2,012,356 Aug. 27, 1936 44-9.01 

The claims are all rejected as unpatentable over the ref¬ 
erences cited which show the use of anti-knock lead alkyls 
wherein a mixture of different alkyls would be burned si¬ 
multaneously to give the same effect as applicant’s com¬ 
pounds. 

At least seven distinct species of anti-knock are present; 
these are out-lined as follows: 

l. Mixture of methyl ethyl lead derivatives (claims 1, 2, 
5, 6, 7, 8). 

n. Mixture as in I containing also lead tetraethyl 
(claims 3,14 and 16). 

m. Mixture as in I containing also some lead tetra- 
methyl (claims 4, 9,10,15). 

rV. Mixture as in I containing also both some lead tetra¬ 
ethyl and some lead tetra methyl (claim 12). ^ 

V. Mixture as in I containing also some (^rganic halide 
(claim 13). 

VI. Mixture as in V containing also some lead tetraethyl 
(claims 14 and 18). 

VII. Mixture as in V containing also soibe lead tetra 

methyl (claims 14 and 17). ] 

189 The applicant is required to limit th^ total species 
of invention as outlined to not more tjian three ac¬ 
cording to the provisions of rule 41. The applicant is fur¬ 
ther required to present an election of one species for fur¬ 
ther prosecution herein since no generic cla|im has been 
allowed order 3254; ex parte Doane 410 0. Gl 275. 

Claim 19 is rejected as informal. 


I 
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The claims are further rejected as based upon an inade¬ 
quate disclosure which fails to accurately describe how the 
specific compounds claimed are prepared. 

A M NASH 
Examiner. 

• ••••••••• 

191 New York, N. T. June 2,1937 

Commissioner of Patents, 

Washington, D. C. 

Sir: 

This amendment is in response to the Office Action of 
December 15, 1936. 

Cancel claims 13, 14, 17 and 18 constituting groups V, 
VI and Vll, and claim 19. 

Remarks: 

The basis for the rejection of the claims is not clear 
from the wording of the rejection. Midgley patent no. 
1,573,846 discloses that lead alkyls are antiknocks. A mix¬ 
ture of lead alkyls must also be an antiknock. This follows 
from the Midgley patent without citation of other refer¬ 
ences. The patents to Sullivan, Vooihees and Shappirio are 
directed to methods of making antiknock compounds in hy¬ 
drocarbon fuels and the mixture resulting from such manu¬ 
facture. However, these patents do not give any disclosure 
as to the relative values of antiknock compounds and in 
this respect they do not add to the above discussion of 
Midgley ^s prior patent. The present application 

192 claiming certain mixtures of certain lead alkyls re¬ 
quires, as a basis, a statement of relative values 

which is not found in the references. It appears that the 
spirit of the rejection is that applicant is claiming merely 
a mixture of known antiknock compounds but such rejec¬ 
tion is untenable in view of the basis laid in the specifica^ 
tion and the scope of the claimsi If the rejection is repeated 
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the Examiner is asked to apply the references and in doing 
so will he kindly note in the specification the definition of 
terms as used in the claims. 

The patent to AUeman 1,949,948 is limited to a disclo- 
snre of an invention as stated on page 1, lines 21 to 25 in¬ 
clusive. This patent and the present application follow 
different bases of thought and they arrive at a different 
conclusion by a different route. Applicant fails to find in 
this patent grounds for rejecting the claims. 

As to all the references cited, applicant do<}S not find any 
statement on engine operation and the Examiner’s atten¬ 
tion is directed to the part of the present application treat¬ 
ing engine operation and the part it takes in the present 
invention. 

Acting under the provisions of Buie 41 applicant elects 
the three species of claims as those of Types H, m and TV 
as outlined in the rejection. Acting under Order 3254 ap¬ 
plicant elects claims of Type II which will be prosecuted 
if a generic claim is not finally allowed. 

Beplying to the last paragraph of the rejection it is un¬ 
derstood that methods for manufacturing compounds need 
not be disclosed if they are a part of public knowledge. 
The following publications give methods of making mixed 
alkyl compounds of lead: 

193 PbMesEt — Griittner and Krause, Berichte der 
Deutschen Chemischen Gesellschaft (Verlag 
Chemie, Berlin ) 49,1125-33 (1916) 

PbMe^Eta — 

49, 1546-50 (1916) 

PbMeEts — ‘‘ 

49, 1125-33 (1916) 

Methods for making the tetramethyl and tetraethyl com¬ 
pounds of lead are so well known in the literaiure and in¬ 
cluding patents that it is believed that the rej^tion is di¬ 
rected to the mixed alkyl compounds of lead. | If desired 
applicant can also supply citations from the literature rel¬ 
ative to making these two compounds. 1 
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A more complete description of nnmerons mixed alkyl 
lead compounds, together with literature references to their 
actual preparation, will be found in ‘‘The Organic Com¬ 
pounds of Lead’^ by George Calingaert, Chem. Reviews, 
Vol. 2, page 43 (1925), published by William and Wilkins, 
Baltimore. 

'It is submitted that the application is in condition for 
allowance. 

Respectfully submitted, 

EARL BARTHOLOMEW 

By JOE W. MORRISON 
i His Attorney 


194 In response to amendment filed June 3,1937. 

The claims stand rejected as unpatentable over certain 
references of record, Sullivan, Yoorhees, AUeman and 
Shappirio. These references show addition to gasoline, or 
production in situ in the fuel, of mixtures of lead alkyls 
as anti-knock re-agents which would include lead alkyl com¬ 
pounds of widely varying boiling point range and quanti¬ 
ties which of course would be variously distributed to the 
several cylinders of a motor in operation. 

Applicant proposes to use a mixture of low volatile anti¬ 
knock substances of varying degrees of volatility to cause 
more even distribution with the fuel-air mixture to the mul¬ 
tiple cylinders of a motor so that each cylinder will receive 
some lead alkyl throughout the various conditions of low 
or high motor speeds. Applicant’s anti-knock does not com¬ 
pletely volatilize, but the use of a mixture of antiknock sub¬ 
stances is considered because of its varying degrees of 
volatility to tend to be more satisfactorily distributed. 
Such condition and principle is met in the references who 
use lead alkyls in admixture. The references of course do 
not pick and choose from all of the possible lead alkyls and 
hence do not specifically state that so much of tMs lead 
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alkyl is nsed and so much of that, but inasmuch as all of 
the lead alkyls are well known anti-knocks, even as shown 
by Midgely, and those which applicant’s selects are, as he 
points out, part of the public knowledge, the refer- 
195 ences relied on showing use in admixture of the whole 
gamut of lead alkyls are considered to teach the prin¬ 
ciple of the invention herein alleged and properly applied 
to reject the claims even those reciting specific mixtures 
not (Erectly readable thereon. 

The use by these references of a mixture of lead alkyls 
of widely varying degrees of volatility in various fuels also 
widely varying in volatility would inherently give the same 
effect of more even distribution of anti-knock material to 
the multiple cylinders. This becomes obvious when it is 
considered that a commercial fuel per se would vary in vol¬ 
atility from about 75® F. to about 425® F., but special fuels 
might vary more widely. At the same time, the antiknock 
lead alkyl even the most volatile lead tetra methyl is rela¬ 
tively non-volatile, boiling well above the more volatile 
fuel components, i. e., about 230® F., so that the applicant’s 
anti-knock is not truly vaporized. Under such conditions 
any mixture of lead alkyls of different volatilities and 
gravities would give a similar cylinder distribution pattern 
to applicant’s specific mixture of lead alkyls. 

Applicant contends further that certain claims recite a 
method of engine operation; that the effect of the anti¬ 
knock reagent varies therewith, and the references say 
nothing of engine operation. The claims in effect recite 
that an engine is operated with a fuel that would knock 
except that the fuel has been conditioned with a certain 
anti-knock dope. As a process, the engine is operated in a 
usual manner except that the fuel is burned with a particu¬ 
lar anti-knock dope. There is nothing m these claims to 
indicate that engine is operated in any unusual manner or 
that the addition of anti-knock is varied to suit engine op¬ 
erating conditions. If the claims were so limited, division 
would be properly required since a different (divisible in- 
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vention from the motor fuel would be claimed, separately 
classified and searched etc. However, the present 
196 claims are to the same invention as the motor fueL 
The references add the anti-knock dope to the fuel 
for the purpose of controlling the combustion thereof in 
the operation of an ordinary motor and as such are prop¬ 
erly applied to these claims as well as those merely reciting 
the fuel containing the anti-knock dope, or the dope to he 
added to the fuel. 

In Fig. 4 applicant shows that the addition of ordinary 
anti-knock to fuel of only 53% vaporization has a much 
lower anti-knock value than fuel of perfect vaporization. 
But in the graph Fig. I it is indicated that the lower vapori¬ 
zation fuel has the best anti-knock value, and this is sup¬ 
ported by Fig. 3 even for a leaded fuel, obviously a direct 
contradiction of data. 

In Fig. 4 the more highly volatile anti-knock radically 
raises the anti-knock value of the relatively non-vapoiizable 
fuel, but depresses the anti-knock value of vaporizable fuel 
But all fuels are incompletely vaporizable under some con¬ 
ditions i. e., winter or starting condition of motor, and 
^ fuels are used in variable conditions of motor operation. 
Moreover all fuels vary widely in inherent anti-knock char¬ 
acteristics and lead susceptibility and volatility. Hence ap¬ 
plicant’s claims to a fuel broadly or a motor operated 
therewith and treated with a dope of variable composition 
to be used under variable conditions are unduly broad and 
indefinite, and as held, unpatentable over the prior art. 

Summary: 

All claims are rejected as unpatentable over Sullivan, 
Voorhees, AUeman or Shappirio showing motor fuels con¬ 
taining equivalent mixed lead alkyl compounds in view of 
applicant’s admission that his specific alkyls are old. 

All claims are rejected as unduly broad and indefinite. 

i P M NASH 

' Examiner. 
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204 In response to argument filed Feb. 15, 1938. 

Claims 1-12, 15 and 16 are rejected as being in¬ 
definite in form and scope as to fail to clearly define the 
invention disclosed. 

The following claim found to be allowable is suggested 
for the purpose of interference. Applicant should make 
the same by April 16,1938 under the provisions of rule 96; 
failure to do so will be considered a disclaimer of the sub¬ 
ject matter involved. 

** Liquid fuel for internal combustion engines of the otto 
cycle multicylinder type comprising a mixture of hydro¬ 
carbons of such varying volatility and fonning such vary¬ 
ing air-fuel ratios as to cause material variation in knock¬ 
ing tendency of the several cylinders in operation and con¬ 
taining a small quantity of a mixture of volatile lead alkyls 
consisting of tetra ethyl lead, tri eythl methyl lead, di ethyl 
di methyl lead, ethyl tri methyl lead, and tetra methyl lead, 
whereby variation in separate cylinder knocking tendency 
is eliminated and the anti-knock value of the fuel is raised.’’ 

P. M. NASH, 

Examiner. 

• •••«••••• 

207 Responsive to argument filed September 2,1938. 

Claims 1-12,15-16 are rejected upon the disclaimer 
implied by failure to copy and adopt the claim suggested in 
the Official action of March 23, 1938, for purposes of inter¬ 
ference under the provisions of rule 96. 

The claims are again rejected as indefinite as to form and 
scope as held of record. It is not enough, according to R. S. 
4888, that applicant clearly disclose the invention, applicant 
must distinctly claim it. Often coined expressions to define 
an artificial class are permitted in claims after laying a 
proper basis in the disclosure, but the methyl-ethyl lead 
derivatives” is not such coined expression, but a term hav¬ 
ing basis to defiine a class recognized generally among 
chemists. Such term for example includes compounds other 
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than those defined in the specification, such as those par¬ 
ticularly defined by AUeman, like methyl ethyl diamyl lead. 
The fact is, therefore, that applicant’s claims read upon 
methyl ethyl lead derivatives other than those disclosed, in¬ 
operative for purposes herein, and no reference to the 
limited definition in the specification is proper and war¬ 
ranted under R. S. 4888, particularly in claims in an appli¬ 
cation capable of amendment to properly define the inven¬ 
tion. 

' Claims 15 and 16 also fail to define the present in- 

208 vention in merely reciting a product unlimited to use 
in the present invention as a motor fuel anti knock 

agent. These compositions have no broader utility. 

' This action is FINAL. Ex parte Hoogendam 499 0. G-. 3. 

P. M. NASH, 

' Examiner. 

• ••••••••• 

209 New York, N. Y. May 12,1939 

Honorable Commissioner of Patents, 

Washington, D. C. 

Sir: 

This is in response to the Office Action of February 7, 
1939. 

Please amend the above entitled application as follows: 
Claim 1, line 6, cancel ‘‘the three methyl-ethyl lead de¬ 
rivatives” and substitute in lieu thereof—^lead tri-methyl- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl—. 

! Claim 2, line 6, cancel “the three methyl-ethyl lead de¬ 
rivatives” and substitute in lieu thereof—^lead tri-methyl- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl—. 

Claim 3, lines 6 and 7, cancel “the three methyl-ethyl lead 
derivatives” and substitute in lieu thereof—^lead tri-methyl- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl—. 

' Claim 4, lines 6 and 7, cancel “the three methyl- 

210 ethyl lead derivatives” and substitute in lieu thereof 
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—^lead tri-metliyl-etliyl, lead di-methyl di-ethyl, and lead tri¬ 
ethyl-methyl—. 

Claim 5, line 3, cancel ^‘the three methyl-ethyl lead de¬ 
rivatives*’ and substitute in lieu thereof—^lead tri-methyl- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl—. 

Claim 6, lines 2 and 3, cancel “the three methyl-ethyl lead 
derivatives” and substitute in lieu thereof—^lead tri-methyl- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl—. 

Claim 7, line 3, cancel “the three methyl-ethyl lead de¬ 
rivatives” and substitute in lieu thereof—^lead tri-methyl- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl—. 

Claim 8, lines 2 and 3, cancel “the three methyl-ethyl lead 
derivatives” and substitute in lieu thereof—^lead tri-methyl- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl—. 

Claim 9, line 3, cancel “the three methyl-ethyl lead de¬ 
rivatives” and substitute in lieu thereof—^lead tri-methyl- 
ethyl, lead di-methyl, di-ethyl, and lead tri-ethyl-methyl—. 

Claim 10, lines 2 and 3, cancel “the three methyl-ethyl 
lead derivatives” and substitute in lieu thereof—^lead tri¬ 
methyl-ethyl, lead di-methyl di-ethyl, and lead tri-ethyl- 
methyl—. 

Claim 12, lines 2 and 3, cancel “the three methyl-ethyl 
lead derivatives” and substitute in lieu thereof—lead tri¬ 
methyl-ethyl, lead di-methyl di-ethyl, and lead tri-ethyl- 
methyl—. 

211 Claim 15, line 1, cancel “product” and substitute 
in lieu thereof—^fuel anti-knock composition—. Lines 
1 and 2, cancel “the three methyl-ethyl lead derivatives” 
and substitute in lieu thereof—^lead tri-methyl-ethyl, lead 
di-methyl di-ethyl, and lead tri-ethyl-methyl—. 

Claim 16, line 1, cancel “product” and substitute in lieu 
thereof—^fuel anti-knock composition—. 

EEMABKS: 

For convenience the claim suggested in the Official Action 
of March 23, 1938 is quoted herein: 
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Liquid fuel for internal combustion engines of the otto 
cycle multicylinder type comprising a mixture of hydro¬ 
carbons of such varying volatility and forming such vary¬ 
ing air-fuel ratios as to cause material variation in knock¬ 
ing tendency of the several cylinders in operation and con¬ 
taining a small quantity of a mixture of volatile lead alkyls 
consisting of tetra ethyl lead, tri ethyl methyl lead, di ethyl 
di methyl lead, ethyl tri methyl lead, and tetra methyl lead, 
whereby variation in separate cylinder knocking tendency 
is eliminated and the anti-knock value of the fuel is raised/* 

Applicant raises two points in answer to the rejection, 
i First: Applicant cannot find and the Examiner has not 
pointed out any subject matter in the present application 
which will support this claim or which states that applicant 
is trying to achieve the result claimed. Applicant specific¬ 
ally denies that this claim names a direction or a result 
which the present application endeavors to attain. 


216 Responsive to amendment filed May 15, 1939. 

I Applicant contends that the final rejection herein is 

premature on the ground that objection to the term “prod¬ 
uct** was not raised earlier in claims 15 and 16 and that ap¬ 
plicant was given no opportunity to be heard upon the dis¬ 
claimer. In view thereof the final character of the rejection 
is withdrawn. 

' The claims appear to be in proper form as amended and 
this ground of rejection is withdrawn. 

The rejection of all claims herein upon the disclaimer un¬ 
der rule 96 is repeated. Applicant contends that neither he 
nor any one else could make a claim of the terminology of 
the claim suggested under rule 96. 

The specific terms objected to is the final functional 
“whereby** clause defining an effect which applicant con¬ 
tends is impossible and inoperative. Since the proposed 
claim otherwise does define the substance of applicants mo¬ 
tor fuel product and would otherwise function in the motor 



121 


the same way, in whatever terms this function may be de¬ 
scribed, it is considered that applicant was not warranted in 
disclaiming the same because the present claims define no 
patentable substance thereover; that applicant should have 
made this claim, otherwise properly defining his motor fuel 
product and anti knock dope, and objected to what- 
217 ever terms therein he conceived to be objectionable 
interpartes during the motion period as provided in 
Rule 122 and suggested a claim better suited, if he desired, 
as provided in rule 109. 

Since applicant did not do this it is considered that the 
proposed claim is proper prior art herein for reasons 
pointed out. 

This rejection is now made FINAL the period of response 
to which runs from the date of this letter. 

P. M. NASH, 

Examiner. 

• ••••••••• 

220 Excmiiner^s Statement 

This is an appeal from the final rejection of claims 1-12, 
15 and 16 upon the ground that the subject matter thereof 
is disclaimed under rule 96 for failure to make a count sug¬ 
gested herein for interference. 

The claims on appeal are: 

1. The method of operating an internal combustion en¬ 
gine which comprises forming a combustible mixture of a 
motor fuel and air, compressing the mixture to a compres¬ 
sion pressure greater than the critical compression of the 
motor fuel and burning the mixture together within a pri¬ 
mary anti-knock agent comprising a mixture of lead tri¬ 
methyl-ethyl, lead di-methyl di-ethyl, and lead tri-ethyl- 
methyl— 

2. The method of operating an internal combustion en¬ 
gine which comprises forming a combustible mixture of a 
motor fuel and air, compressing the mixture to a compres- 
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sion pressure greater than the critical compression pressure 
of the motor fuel and burning the mixture together with a 
primary antiknock agent comprising a mixture of lead tri- 
methyl-ethyl, lead di-methyl di-ethyl, and lead tri-ethyl- 
methyl in which antiknock mixture the lead dimethyl diethyl 
predominates. 

3. The method of operating an internal combustion en¬ 
gine comprises forming a combustible mixture of a motor 
fuel and air, compressing the mixture to a compression 
pressure greater than the critical compression pressure of 
the motor fuel and burning the mixture together with a pri¬ 
mary antiknock agent comprising a mixture of lead tri¬ 
methyl-ethyl, lead dimethyl di-ethyl, and lead tri-ethyl- 
methyl and lead tetraethyl the concentration of the lead be¬ 
ing greatest in the lead triethyl methyl and lead tetraethyl. 

'4. The method of operating an internal combustion engine 
which comprises forming a combustible mixture of a motor 
fuel and air, compressing the mixture to a compression pres¬ 
sure greater than the critical compression pressure of the 
motor fuel and burning the mixture together with a primary 
antiknock agent comprising a mixture of lead tri-methyl- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl and 
lead tetramethyl in a concentration not exceeding fifteen 
percent. 

221 5. A product comprising a motor fuel and an anti¬ 

knock material having as its primary antiknock com¬ 
ponent a mixture of lead tri-methyl-ethyl, lead di-methyl di¬ 
ethyl, and lead tri-ethyl-methyl. 

6. A product comprising a motor fuel and a primary anti¬ 
knock agent consisting of lead tri-methyl-ethyl, lead di¬ 
methyl di-ethyl, and lead tri-ethyl-methyl. 

' 7. A product compiising a motor fuel and an antiknock 
material having as its primary antiknock component a mix¬ 
ture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and 
lead tri-ethyl-methyl, in which mixture the concentration of 
lead dimethyl diethyl predominates. 
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8. A product comprising a motor fuel and a primary anti¬ 
knock agent consisting of lead tri-methyl-ethyl, lead di¬ 
methyl di-ethyl, and lead tri-ethyl-methyl, in which the con¬ 
centration of lead dimethyl diethyl predominates. 

9. A product comprising a motor fuel and an antiknock 
material having as its primary antiknock component a mix¬ 
ture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and 
lead tri-ethyl-methyl, and lead tetramethyl in a concentra¬ 
tion not exceeding fifteen percent. 

10. A product comprising a motor fuel and a primary an¬ 
tiknock consisting of lead tri-methyl-ethyl, lead di-methyl 
di-ethyl, and lead tri-ethyl-methyl, and lead tetra-methyl in 
a concentration not exceeding fifteen percent. 

11. A product comprising a motor fuel and an antiknock 
agent comprising lead tri-methyl ethyl, lead dimethyl di¬ 
ethyl, lead triethyl methyl and lead tetraethyl and in which 
the greatest lead concentration is in the group consisting of 
lead triethyl methyl and lead tetraethyl. 

12. A product comprising a mixture of a motor fuel, a 
primary antiknock agent consisting of lead tri-methyl-ethyl, 
lead di-methyl di-ethyl, and lead tri-ethyl-methyl; and lead 
tetramethyl and lead tetraethyl present in relatively small 
concentrations. 

15. A fuel and antiknock composition comprising a mix¬ 
ture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and 
lead tri-ethyl-methyl and lead tetramethyl in a concentra¬ 
tion not exceeding fifteen percent. 

16. A fuel anti-knock composition comprising a mixture 
of lead tri-methyl ethyl, lead dimethyl diethyl, lead triethyl 
methyl and lead tetraethyl with the greatest lead concentra¬ 
tion in the lead triethyl methyl and lead tetraethyl. 

The proposed claim under rule 96 is copied: 

222 “Liquid fuel for internal combustion engines of 
the otto cycle multicylinder type comprising a mix¬ 
ture of hydrocarbons of such varying volatility and forming 
such varying air-fuel ratios as to cause material variation 
in knocking tendency of the several cylinders in operation 
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and containing a small quantity of a mixture of volatile lead 
alkyls consisting of tetra ethyl lead, tri ethyl methyl lead, 
di ethyl di methyl lead, ethyl tri methyl lead, and tetra 
methyl lead, whereby variation in separate cylinder knock¬ 
ing tendency is eliminated and the anti-knock value of the 
fuel is raised.’’ 

Other references of record: 

Sullivan 1,938,547 Dec. 5,1933 

Voorhees 1,974,167 Sept. 18,1934 

Shappiro 2,-12,356 Aug. 27,1936 

The invention disclosed is concerned with improvement 
of motor fuels such as gasoline with respect to its tendency 
to knock in multicylinder internal combustion engines by ad¬ 
dition of lead alkyls as anti-knock dope. Applicant pro¬ 
poses use of certain mixtures of lead alkyls as anti-knock. 

The prior art listed shows the use of lead alkyls in ad¬ 
mixture and applicant admits that it lies within the skill of 
the art to use ordinary mixtures of lead alkyls as anti-knock 
dope. 

Applicant’s mixture is one of adjusted volatility and anti¬ 
knock effect thru use of mixtures of lead methyl and ethyl 
derivatives such as lead tetraethyl, lead tetramethyl and 
intermediate alkyls, lead tri-ethyl-methyl, di-ethyl di-methyl 
and tri-methyl-ethyl. 

In ordinary carburetion of an air-fuel mixture compris¬ 
ing a mixture of air, fuel vapor and unvaporized suspension 
therein of liquid fuel particles, inertia effects upon the sus¬ 
pended particles of variable distances the mixture travels 
to the several cylinders, variable speeds of operation 
223 as rapid acceleration, starting, stopping as well as 
temperature variation, will give variation in the fuel- 
air charge actually received by individual cylinders. This 
variation results in different knocking tendencies of the sev¬ 
eral cylinders. 

' By using a mixture of lead alkyls of variable volatility 
and anti-knock value to be added to the fuel, applicant con- 
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tends that this condition is improved due at least in part 
to better distribution of anti-knock under such variable 
conditions. 

As the examiner understood the invention, a claim as 
copied above was formulated to express the same and pro¬ 
posed under rule 96 to applicant and other parties. The 
claim was adopted by other parties and this claim has be¬ 
come the basis of an interference contest, but applicant re¬ 
fused to make this claim from which action the present re¬ 
jection of all claims upon the rule 96 disclaimer stems. 

Applicant argues that the proposed claim is inoperative 
and he has no basis therefor, at least in the functional 
clause, 

‘‘whereby variation in separate cylinder knocking tendency 
is eliminated— 

Therefore he refused to make the claim and contends 
that his present claims substantially amended should be 
allowed. 

It is the Examiner’s position that the suggested count 
is not inoperative, does express the invention in all material 
aspects, and should have been made at least for purposes of 
interference and any objection thereto raised inter-partes 
or the burden of formulating better claims accepted as pro¬ 
vided by the interference rules, hence aU claims herein are 
deemed properly rejected on the disclaimer. 

In the Examiner’s view a claim suggested for the pur¬ 
pose of interference is at least notice to an applicant that 
interfering applications exist in the Patent Office, claiming 
common subject matter and the proposed claims formulated 
by the Examiner are not necessarily the exact claims of any 
of the prospective parties and are subject to inter- 
224 partes modification according to the rules. 

Basis is found for applicant’s present claims in the 
applications of other parties for which applicant may not 
be the first inventor and the claims therefore cannot be al¬ 
lowed to him without a contest of priority thereon, and un¬ 
der rule 96, the refusal of interference by disclaimer is 


126 


deemed to be a disclaimer of all common subject matter and 
in such case the validity of the claim actually suggested is 
not an issue. 

Considering however the merits of the contention that the 
claim suggested is invalid, it is noted the claim is drawn to a 
motor fuel composition stated to have certain properties. 
By extreme interpretation applicant contends that his com¬ 
position does not have such property. However, applicant 
discloses the same composition as defined in the proposed 
claim and uses it in the same way. The properties thereof 
are inherent and will be the same in all cases however de¬ 
scribed. Certainly a motor fuel composition as disclosed 
by applicant cannot be patentable over a composition sug¬ 
gested by the Examiner because applicant argues that his 
composition will not ^‘eliminate the separate cylinder knock¬ 
ing tendency^’. 

Thus it is noted that irrespective of the final functional 
‘‘whereby^’ clause, the claim does define the motor fuel com¬ 
position disclosed by applicant and therefore defines all that 
is material in applicant’s invention. 

' But considering applicant’s argument more specifically 
that the claim is inoperative because it is not possible to 
‘‘eliminate the separate cylinder knocking tendency”, it 
can only be pointed out that the dope comprising the mixed 
lead alkyls of different volatilities is an adjustment in 
225 this direction. Applicant only uses the mixed lead 
alkyls because they have different volatilities and the 
lighter ones under certain conditions volatilize better and 
tend to overcome the knocking tendency in cylinders of in¬ 
creased air-fuel ratio (abnormally lean mixtures). The 
more volatile lead alkyls have decreased intrinsic anti-knock 
value as compared to other lead alkyls. They are there¬ 
fore used only admixed with other less volatile better anti¬ 
knocks. In short, the more volatile anti-knocks are used 
with due appreciation of their low anti-knock character in 
admixture with better anti-knock. But applicant admits as 
shown by the art that the use of mixtures of lead alkyls is 
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old, admits that each of his specific lead alkyls is old, and 
emphasizes throughout that no lead alkyl alone or in ad¬ 
mixture is as good in intrinsic anti-knock value as lead 
tetraethyl per se. 

How then can anything involve invention herein except 
the specific combination of lead alkyls in admixture to solve 
a specific problem? 

Applicant's specification is a scientific treatise on the 
separate cylinder knocking tendency due to poor fuel dis¬ 
tribution. 

This is the problem applicant solves and he does this by 
use of a mixture of lead alkyls superior to solve this prob¬ 
lem, because the separate cylinders get the anti-knock dope 
when they need it, not withstanding none of the dope would 
be as good as lead tetraethyl per se in a perfect fuel dis¬ 
tribution system. 

Thus the mixture of alkyls is most important to elimi¬ 
nate the separate cylinder knocking tendency, which varies 
with different operating conditions, while incidently raising 
the anti-knock value of the fuel overall. This is what the 
suggested claim defines. This is also what applicant says is 
inoperative —^he cannot eliminate the separate cylinder 
knocking tendency. 

226 Applicant interprets the * * whereby ’ ^ clause to mean 
that each cylinder charge must have exactly the same 
anti-knock value, but this is beyond any reasonable inter¬ 
pretation of the claim. Two cylinders of different fuel 
charges of different anti-knock hydrocarbon types, of dif¬ 
ferent air-fuel ratios and of different lead alkyls anti¬ 
knock dope content could rarely have the same anti-knock 
value. For purposes of the claim it is sufficient that neither 
cylinder knocks under the ordinary range of operating con¬ 
ditions of the motor. This is what applicant says in effect 
(page 18, 2nd paragraph). 

If a motor fuel were doped with a mixture of lead alkyls 
of the type defined herein for the purpose of rendering it 
anti-knock in all cylinders over the whole range of usual 
operating conditions of a multicylinder motor, the terms of 
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the suggested claim would be met. Hence such strained in¬ 
terpretation that each cylinder must attain the absurd con¬ 
dition that it has exactly the same tendency to resist knock¬ 
ing as all the others of a multicylinder engine is not justi¬ 
fication for the disclaimer herein. 

It is summarized therefore— 

(1) that applicant has basis for all limitations in a motor 
fuel composition claim suggested under rule 96 for inter¬ 
ference and disclaimed; 

(2) that the present claims do not patentably distinguish 
the disclaimed matter; 

(3) the present claims could not be allowed to applicant 
at least for the reason that he may not be the first inventor 
thereof and has already refused a contest of interference 
upon not patentably distinguishable subject matter by dis¬ 
claimer. 

227 It is considered to be properly held that all claims 
herein are rejectable upon this disclaimer. 

Respectfully, 

P. M. NASH, 

Examiner. 


256 Endorsed: U. S. Patent Office Board of Appeals 
Oct 15 1940 Mailed 

In the United States Patent Office 

Before the Board of Appeals 

Ex parte Earl Bartholomew 

' Application for Patent filed September 4, 1936, Serial 
No. 99,497. Method and Means for Improving Engine Op¬ 
eration. 

Mr. Joe W. Morrison for applicant. 

This is an appeal from the final rejection of all claims 
remaining in the application, namely, 1 to 12, 15 and 16. 
Claims 1, 3, 4, 5, 9 and 11 are illustrative. 
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I. The method of operating an internal combustion en¬ 
gine which comprises forming a combustible mixture of a 
motor fuel and air, compressing the mixture to a compres¬ 
sion pressure greater than the critical compression pres¬ 
sure of the motor fuel and burning the mixture together 
with a primary antiknock agent comprising a mixture of 
lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead tri¬ 
ethyl-methyl. 

3. The method of operating an internal combustion en¬ 
gine which comprises forming a combustible mixture of a 
motor fuel and air, compressing the mixture to a compres¬ 
sion pressure greater than the critical compression pres¬ 
sure of the motor fuel and burning the mixture together 
with a primary antiknock agent comprising a mixture of 
lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead tri¬ 
ethyl-methyl; and lead tetraethyl the concentration of the 
lead being greatest in the lead triethyl methyl and lead 
tetraethyl. 

257 4. The method of operating an internal combus¬ 

tion engine which comprises forming a combustible 
mixture of a motor fuel and air, compressing the mixture 
to a compression pressure greater than the critical com¬ 
pression pressure of the motor fuel and burning the mix¬ 
ture together with a primary antiknock agent comprising 
a mixture of lead tri-methyl-ethyl, lead di-methyl di-thyl, 
and lead tri-ethyl-methyl; and lead tertamethyl in a con¬ 
centration not exceeding fifteen percent. 

5. A product comprising a motor fuel and an antiknock 
material having as its primary antiknock component a mix¬ 
ture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and 
lead tri-ethyl-methyl. 

9. A product comprising a motor fuel and an antiknock 
material having as its primary antiknock component a mix¬ 
ture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and 
lead tri-ethyl-methyl, and lead tetramethyl in a concentra¬ 
tion not exceeding fifteen percent. j 

II. A product comprising a motor fuel and a|n antiknock 
agent comprising lead tri-methyl ethyl, lead d^-methyl di- 
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ethyl, lead triethyl methyl and lead tetraethyl and in which 
the greatest lead concentration is in the gronp consisting 
of lead triethyl methyl and lead tetraethyl. 

The patents cited by the examiner are as follows: 

Sullivan et al 1,938,547 Dec. 5, 1933 

Voorhees 1,974,167 Sep. 18, 1934 

Shappirio 2,012,356 Ang. 27, 1935 

The appealed claims relate to the matter of reducing 
knock in internal combustion engines employing gasoline. 
As may be noted from the quoted claims, the subject matter 
is set forth first as a method comprising a mixture with a 
fuel charge of certain lead alkyl compounds and in the sec¬ 
ond place as a fuel containing such lead alkyls. Applicant 
employs the five possible lead compounds of methyl and 
ethyl including mixtures. He prefers employment of the 
three mixed alkyls but may include the tetra compound of 
both methyl and ethyl. 

The claims have been rejected as not patentably different 
from a claim that was suggested under the provisions of 
! Rule 96 for purpose of interference and which appli- 
258 cant refused to make and in connection with the cita- 
! tions. Certain citations of the prior art are shown 

as illustrative of the status of this subject matter in this 
antiknock art. 

The suggseted claim which was embodied in the examin¬ 
er’s letter of March 23,1938 is as follows: 

I Liquid fuel for internal combustion engines of the otto 
cycle multicylinder type comprising a mixture of hydrocar¬ 
bons of such varying volatility and forming such varying 
air-fuel ratios as to cause material variation in knocking 
tendency of the several cylinders in operation and contain¬ 
ing a small quantity of a mixture of volatile lead alkyls con¬ 
sisting of tetra ethyl lead, tri ethyl methyl lead, di ethyl di 
methyl lead, ethyl tri methyl lead, and tetra methyl lead, 
whereby variation in separate cylinder knocking tendency 
is eliminated and the anti-knock value of the fuel is raised. 
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The quoted claim includes all five of the possible combina¬ 
tions of lead with methyl and ethyl and their mixed forms. 

It is contended on behalf of applicant that the proposed 
claim does properly represent his invention and further, 
that it cannot be read upon applicant’s disclosure and state¬ 
ment of invention, that applicant regards the features of 
the appealed claims to be inventive and patentably differ¬ 
ent from the proposed claim. We regard this as the ques¬ 
tion presented for determination here. 

Much discussion is presented by applicant in respect to 
avoiding or eliminating variation in separate cylinder 
knocking tendency rather than merely broadly reducing 
knock. Applicant illustrates by drawing and disclosure 
how this is said to be attained involving largely a selection 
and adjustment as between the several lead alkyl members. 

In treating the situation we shall assume that the 
259 suggested claim together with the three citations and 
the patent to Midgley 1,573,846 discussed in appli¬ 
cant’s brief as representing, in effect, the state of the art, 
are available as references. It seems clear upon inspection 
of the situation generally that the claim suggested for inter¬ 
ference by applicant is so close to and doubtfully different 
from the disclosure of applicant’s case that applicant en¬ 
tailed the consequence of Rule 96 in not making the same. 

We have carefully considered the matters of merit of the 
disclosure in connection with such above noted prior art or 
grounds of rejection and conclude that we can see no suffi¬ 
cient line of patentable difference to warrant allowance of 
the appealed claims thereover. Taking the total of the avail¬ 
able prior art including the suggested claim, it is our conclu¬ 
sion that the appealed claims represent only matter of rou¬ 
tine test and choice of one or more or combinations of the 
several available lead alkyls of the suggested claim. We 
believe the patents are suggestive of trying various selected 
mixtures of lead alkyls though admittedly not of exactly the 
limitations of the appeal claims. However, we regard the 
difference as not involving invention. 
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We find no error in the examiner’s conclusions as based 
mainly upon the suggested claim in one instance or as upon 
this claim in view of the collateral showing of the state of 
art. 

The decision of the examiner is affirmed. 

BOAED OF APPEALS 

EUGENE LANDEES, 

Examiner-inrChief 
'W, Jj. REDBOW 

Examiner-ir^Chief 
B. B. PIERCE 

Examiner-in-Chief 

October 15, 1940 


' 268 On Request for Clarification cmd Reconsideration 

' In response to petition for clarification and reconsidera¬ 
tion filed November 7,1940 of our decision dated October 15, 
1940. 

It was not intended to raise any new ground of rejection 
in our decision. The state of the art was referred to merely 
' as background of the situation, the same as, but to no 
greater extent than was done by the examiner in the para- 
' graph, middle of page 3 of his answer. 

I Reopening of the prosecution is not approved. 

The features re-emphasized in the additional remarks 
were given full consideration in reaching the conclusions 
stated and have been reconsidered without finding reason 
for changing our decision. 

269 No change is necessary in the sentence of our de¬ 
cision discussed on page 3 of the remarks. The clause 
by applicant modifies the word “interference” and not the 
word “suggested” as assumed by counsel. 
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For the reasons noted in our decision and herein the de¬ 
cision of the examiner is aflirmed. 

BOAED OF APPEALS 

EUGENE LANDERS, 

Exammer-ivir-Chief 
W. L. REDROW 

Examiner-inrCMef 
B. B. PIERCE 

Examiner-Wr-Chief 

Mr. Joe W. Morrison, 
c/o Ethyl Gasoline Corp., 

Chrysler Bldg., 

New York, N. Y. 

November 14,1940. 
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Antiknock Value 


By Earl Bartholomew, Elarold Chalk, and Benjamin Brewster ^ 

BAyl Gt vUh* Carp. 


I NCREASED perfonnance at h^ speed, which 
is an important characteristic of cars built 
daring the last few years, has required the use of 
intake manifolds of considerably greater cross* 
sectional area which, together w^ certain other 
changes in engine design, cause unequal distribn* 
tion of the less volatile portions of the fuel not 
vaporized in the manifoltL Consequently, the fuel 
which enters the cylinders varies in composition. 
If other conditions are equal, the relative knock¬ 
ing tendency of the cylinders is determined by the 
distribution of antiknock value through the frac¬ 
tions of the fuel and by the air-fuel ratios of the 
mixtures in the cylinders. Ordinarily the leanest 
cylinder knocks the most 

Fuels rated in the laboratory by conventional 
methods as having equal antiknock value may 
differ considerably in road performance because 
of differences in volatility and distribution of anti¬ 
knock value through their fractions. The problem 
is complicated farther by differences in ^e vola¬ 
tility of-the commonly used secondary reference 
fnel^ 

Recently developed instrumentation permits 
the determination of the knocking tendency, air- 
fnel ratio, and spark advance for the indiridual 
cylinders of an automobile engine on the road. 
A modified fuel system and intake manifold for 
the CF.R. engine make possible the duplication 
and measurement in the laboratory of the effects 
caused by imperfect fuel distribution within the 
car engine. 

D uring the past six years the development of labora¬ 
tory testing methods to give knock ratings that cor¬ 
relate with the ratings obtained in cars on the road 
has been a major problem of the oil refiner and car mantifac- 
turer. After the cooperative road-testing program at Union- 
town, Pa., in 1932 a laboratory procedure was developed which 
gave ratings agreeing remarkably well with the road ratings. 
The ratings obtained on the road in the second Uniontown 

tThi* paper wu pretented at the Annual Mcctinc of the Society, De¬ 
troit. Mkb.. Jan. 14. 1938.1 


program in 1934, did not agree quite so wdl with ratings 
obtained by t^ Motor Method. 

Since that time road ratings have tended to deviate more 
wd more from the consistent pattern which the 

earlier ratings. This deviation applies to average road ratings 
and pardculariy to ratings in in^vidual cars. Fuds which 
have approximately the same Motor and Research Method 
ratings may have xx>ad ratings as much as 8 octane numbers 
highv or lower than their laboratory ratings. Fuds which 
have a fairly large difidence betw^ th^ Researdi and 
Motor Methdl ratings nuy, on the road, show no apprecia¬ 
tion over their Motor Method ratings, and others having the 
same difierence between their Research and Motor btehod 
ratings in the laboitatory may, under the same conditions of 
car operation, have road ratings considerably higher than their 
Research-Method ratings. 

As' an example of such performance we may consider the 
ratings of two specially blended fuels whose road and labora¬ 
tory ratings are tabulated below: 

Table r - Road and Laboratory Knock Ratings of Two 
Specially Blended Fuels 



1 

Research- 

Metihod 

Motor- 

Average 
of Winter 
Road 

Winter 
Road Rating 


Method 

Ratings in 

in Car 

Fud 

Rating 

Rating 

Eleven Cars 

No. 155 

6 

7*.9 

75*6 

7M 

67.6 

Sir 

7*^7 

73-8 

74.8 

80.0 


The average roadi rating of fuel S-6 is substantially lo$ver 
than either its Motor- or Research-Method rating, and the 
average road rating!of fud S-iz is considerably higher than 
either its Motor- or Research-Mdhod rating. Althou^ the 
Research- and Motor-Mdhod ratings of the two fuds differ 
by 1:2 and 1.8 octaxie numbers respecdvdy in one direction, 
their ratings in Carl No. 155 diffd by 12.4 octane numbers 
in the opposite dire^on. 

Car No. 155 is Ifighly satisfactory for knock-testing pur¬ 
poses, being r^tively fm of noises other than that due to 
knock and having jpore than average sensitivity to changes 
in fud octane nuniber. The influence of certain engine 
variables such as $p^, spark advance, and temperature on 
the relative antikiioik vdue of different types of fuds is 
recognized generally^ and may be demonstrated readily in 
the laboratory on single-cylinder engines such as the A.S.T.M.- 
CJF.R. engine, but ^ variations of the Motor and Research 
Methods whi^ have been tried, involving only changes in 
speed, temperature, ahd spark advance, have served to bring 
the bboratory rating^ of these fuels into agr eem ent with the 
road ratings. I 
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Changes in Engine Design and Fads. ■ 

A ffndy of such data obtained in numerous laboratories 
the past three yean led to the suspicion diat some 
(gctor or of fiicton as yet n^e^ in the stand¬ 

ard laboratory knodc-testing procedure, in some cases, may 
have roughly as great an influence on road ratings as have 
^plxd and tem p erature. Since the serious disagree¬ 
ment of road ratings and laboratory ratings made by.the 
generally cstablrAed, procedures, or sim{de variations thereof, 
is of rt^vdy recent orij^ the changes in engine design 
which may account for such deviations arc of immediate in¬ 
terest. Ihe following changes seem to warram attention: 

(z) Increased cro»-sectional area of intake manifdds in 
with die general adoption of downdraft car¬ 
buretors having larger tube diametm, resulting in consider¬ 
ably lower intake^nanifbld vdoddes in the low-speed range 
of die to whidi knocking now is confined generally. 

(a) The automadc dbokc. 

(3) Decreased mixture headng by the exhaust gases and 
the use of automatic heat-control vsdves whose operation is 
controlled largely by the temperature of the air surrounding 
the bi-metallic dement. 

(4) The dimination of thermostatically controlled radiator 
shutters. 

*Sm S.A.E. TMMMcnOMS, April. 1937. pn. r44-148: ’‘Rriathc Knodt. 
iMt Chancteridka of Kotor nido ia Semeo.** br John IL Cutpbell. 
WMcr C. LorcO. and T. A. Boyd. 


In a dd i t ion to these factors die re is tK^ 

sr b l e e ffe ct of devd^xnents in gasoline production sudi 
M poly meriz a tio n , reforming, and new cracking methods. It 
is the purpose of diis paper to review some of tk recent work 
in die labora t o ri es of the Ethjd Gasoline Coep. which 
for its purpose: 

(z) The explanation for at least some of the previously 
described ununial performance of fuds in cars on the road. 

(3) The devdopment of improved in«T ninv-ntari<>n for die 
analysis of events in the intake manifold and cylinder. 

(3) The formulation of pr i nciples to govern the sdecdon 
of fuds to meet best any given set of manifold and carburetioo 
condidons. 

The paper is designed to present fundamental ptindples 
that ap^y to a complex problem, hence, in the interest of 
simplification, the discussion is confined in so far as possible 
to typical conditions to be met. 

Cunpbdl, Lovdl sihd Boyd* pointed to die probability diat 
mixture ratio and fud vola^ty affea the rdadve andknnA 
value of fuds and Qted tests in cars on die road which 
appeared to confirm the hypothesis. The work in the labo¬ 
ratories of the Ethyl Gasdine Corp. indicates tbar fud 
vdadlity, variation fud antiknock value with diwi'llarinn 
temperature, carburetor air-fud zadO) design of the inralcf 
maidfdd and asso d a t e d parts, variation of other condidons^ 
whkh afiiect fud distribution within the engine, and the ref¬ 
erence fuds used, all have.an important bearing on the rdadve 
knock ratings of fuds. 
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Fnel Distribution Within the F-ngiri^ 

Fud of substantially uniform composition is distributed to 
all the cylinders of a muldqdinder engine in approximatdy 
equal proportions widi the admixed air if the avaOaUe beat, 
time of contact of air with fud, and the agitation the mix¬ 
ture are su fficient to vaporize the fud completdy and mix it 
homogeneously with t^ air, or if the manifold vdodty is 
high enou^ to carry the liquid fud in the air stream by 
entrainment. High volumetric efficiency of-automobile en¬ 
gines has been obtained only with reasonably low intake- 
manifold vdodty. The high brake mean effe^ve pressures 
at hi^ engine speed in recendy built cars require t^ use of 
intake manifolds of large cross-secdonal area and a minimum 
of mixture heating. of these design features are dia¬ 
metrically opposed to good fud distribution at low.car speeds 
where kn oc kin g has become most prevalent. It is impousible 
to combine in a sin^ conventional unsupercharged manifold 
the most satisfactory characteristics for bodi hi^ and low- 
speed operation. 

The determination of the air-fud ratios of the mixtures 
entering the individual cylinders of a multkyliruler engine on 
the road has always presented a {noblem. S^ples of exhaust 
gases withdrawn from the exhaust manifold as dose as pos¬ 
sible to the exhaust valves are invariably contaminated by 
products of combusdon from other qdinders. The substitu¬ 
tion for the conventional manifdd of a separate $tack 

for each cylinder destroys the starrdard hM-spoc arrangemeru 
and considerably increases the temperature urukr the hood. 
The most desirable approach is the sampling of the mixture 
within each cylmder. This procedure has bm made possible 
by die combination spark-plug and gas sampling valve shown 
in Fig. z. The small solenoid valve between the qdinder and 
the gas sampling tube has only a small movement remains 
open for a very short period. Its operadon is controlled by 
an auxiliary breaker mechanism mounted above the conven¬ 
tional distributor and driven by the distributor «hafr_ At die 
instant the points of the auxiliary breaker dose, a condenser 
in the circuit discharges a rdadvdy heavy current dirough 
the solenoid coil and causes the valve to open momentarily. 
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Ac all odier times the valve is held in the dosed position by 
the ptcssure of a coil spring. 

The comfdete apparatus is shown diagnunmatically in 
Fig. a. Wbra a $am{^ is to be obtained, the vacuum pump, 
which is driven by a ihotor which draws its current from a 
S^ao volt motor-generator set, evacuates the gas sampling 
tube to an absolute pressure of about 5 mm. mercury. The car 
is accd e rated under the conditions prevailing in the road 
knock test and the vsdve is allowed to operate only within the 

5 m.pJt. speed range of maximum knock intensity. From 

6 CO 8 repetitions of the accderadon axe required to fill the 
gas sampling tube to atmospheric pressure. The procedure is 
then repeat^ for the other cylinders. 

Table a - Air-Fud Ratios of the hCxtures in the Cylinden of 
an Automobile Engine at lo to 15 MJPJi. 
Atmospheric Temperature, 56 Deg. Fahr., 

Fud of ^^hnter VdatOity 
Cylinder No. 


2 3456 7 T' 

14.59 I6.0X 13.29 r4-X3 12.63 11.56 X5a7 X2.37 

Average air-fud ratio, all cylinders. X3.6 

Average for cylinders x, 2,7 and 8. 14^ 

Average for cylinders 3,4,5 and 6. xa.8 


Table 2 shows the air-fud ratios for the individual cylinders 
of a certain car during accderadon at xo to X5 m.ph. at an 
atmospheric temperature of 56 d^. fahr., as determined by 
the apparatus shown in Fig. 2. The mean air-fud rado com¬ 
puted from these dau is s^wn, also the computed means for 
cj^der groups x, 2, 7 and 8 and 3, 4, 5 and 6, each of which 
is fed by a sin^e barrd of a dual down-draft carburetor. 

For the same condidons of operadon, the mean air-fud 
rado is normally richer than that shown in Table 2. There 
is, however, always a tendency for a portion of the heavy 
ends of the accderadon charge to lag behind the air-vapor 
mixture for a short period after the sudden opening of the 
throede, with the result that the mean cylinder air-f^ rado 
is momentarily leaner than after the lagging liquid fud starts 
to fiow into the cylinders. This factor may, in part, account 
also for the difierence between the mean air-fud ratios for 
the two groups of cylinders, inasmuch as the manifdd for 
cylinders i, 2, 7 and 8 is longer than that for the remaining 
cylinders and has more surface to be wet by the accderadon 
charge. It should be noted that the rear cylinder of each 
group reedves the richest mixture, presumably because of the 
forwaud modon of the car which tends to cause liquid fud 
to accumulate in the rear of the manifolds. 

The air-fud ratio of the mixtures in cylinders x, 2, 7 and 8 
varies from 12.37 to x6.oi. Often the variadon is greater. The 
mechanism by which fud and air are ddivered to the cylin¬ 
ders in such a .wide range of propordons appears to be as 
follows: 

Air and fud are metered by the carburetor and enter the 
manifold. The irugnitude of the fracdon of the fud in the 
vapor state as the mixture leaves the manifold is a function of 
the heat in the fud and air supplied to the carburetor, the 
heat added by the manifold, the volatility and latent heat of 
the fud, and the efSciency of mixing in the manifold. Al¬ 
though the available heat may be adequate to ensure complete 
vaporization under equilibrium condidoiu, the time of con¬ 
tact and degree of mixing in the manifold may not be suf- 
fident to bring about this condidon. 

The air and the lighter fractions of the fud, vaporized in 
the carburetor and manifold, are distributed sifostandally 
equally to the cylinders. A part of the unvaporized, less 
v^dle portion is distributed fairly uniformly by entrainment 
with dre air, but the quantity of heavy ends so distributed 
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becomes less as engine speed decreases and appears to be 
small at low engine speed. 

The remainder of the heavy liquid portion is distributed 
unequally to the cylinders, the quandty entering any given 
cylirider depending on the shape, cross-sectional area ai^ in- 
dirudon of die nianifdd, engine speed, surging of the mix¬ 
ture within the manifold,, and other factors. Thus, in the 
three typical cases, one or more qdinders rxuy receive sub¬ 
stantially only air and the lifter ends which leave the mani¬ 
fold in the vapor state; others may receive air, vaporized l^bt 
ends and liquid heavy ends in approximatdy the same air-i^ 
rado as that of |the mixture leaving the carburetor, and sdll 
others rxuy reoei|ve air, vaporized light ends and liquid heavy 
ends in t^ samie propordons as in the second case plus the 
liquid heavy eruls sdii^, under conditions of perfect distribu- 
don, would havej entered the first-mendoned qdinder or group 
of cylinders. Odier cylinders rxuy receive liquid heavy ends 
in any amounts jbetw^ the two limits just described, and it 
would be possible for one or more cylinders to receive even 
more liquid heaVy ends than the richest cylinder cited. The 
three typical distribution conditions are summarized in 
Table 3 in which the fuel entering the carburetor b assumed 
to contain L lb.|^of light ends, which leave the manifrid in 
the vapor sijite, tor e^ H lb. of heavy ends that leave the 
manifold in the jliquid state. 

Table 3-Three ^Typical Fud Distribution Conditions in the 
! Muldcylinder Engine 



AirRe- 

oeivedby 

Vaporized 
Light 
EndsRc- 
1 edved by 

! Liqiud 

Hewy 

EndiR^ 

ceivedby Cylinder 

Car¬ 

buretor 

Cylinder 

Miztufc 

Strength 

Cylinder 

Cylinder, 

1 Cylinder, 

Cylinder, Air-fuel 

Air-fuel 

RdadTcto 

Type 

lb. 

1 lb. 

lb. 

Ratio 

Ratio 

Carburetor 

A 

M 

L 

0 

M 

M 

Leaner 

B 

M 

i 

I L 

L 

H M 

L + H 
M 

Equal 

C 

M 

i 

! L 

L + H 
2 H M 

L + H 
M 

Richer 


L + 3 HL + H 

Mean air-flud rado — carburetor air-fud rado 
31 ^ _ __ M 

L L +iH L -f 2 H L + H 

-1-—I-1- 

MM M 
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Assume £oc mmplr, in the cut o£ qiioder group z, a, 7, 
and 8 of ^ engine in Table 3, diat the a:mage qplinder air- 
fud zatio was equal to die cai bn i ttor air- 6 id zatio, that no 
Ikpud fud was distzibitted bf cntrainmmt; and d»t the 
IcMiest q^inder re c ei Tcd only ir^xxized fud, in an amount 
equal to that d b t z i bu ted to eadi of the zemaining c^rodezs, 
along widi vazyii^ vnounts of liquid fud. The hactioo of 
die fud entering qrlindezs z, a, 7, and 8 tdudi left die znani> 

fold in the yxpor state was zoo X = 90^ per oenL If 

JIf in Table 3 is taken as z lb. (L + H) for ej^indezs z, a, 

7, and 8 was —^ = 0x695 tb. L was—— = 00625 lb. 
* Z4^ X6.0Z 

li 

H was 0x695 — OJ0625 =' 0.0070 = Z3.08, 

which is die air-fud tado dial would have existed in one or 
mote of die qdinders if dicy had zcodved air and fiid in die 
same propottioos as c^inder C of Table 3. Actually no cjlin> 
der in this group r ee d ved such a mixtuze, but qdinder 8 
x ee d ved a mixtuze having an air^Eud zatio of za.37, or 
0.0809 lb. fud per lb. of air, consisting L Ib. of vaponzed 
li^ ends and 265 H lb. of liquid ho^ ends. 

Effect of Variable Fuel Diatzibiztion on Knodang 

The non-uniform distribution of fud to the cylinders as 
just described gives rise to two conditions sdikh are of vital 
importance in the fud-knocking problem, namdy: 

(z) The air-fod ratios of die mixtures in die cylinders may 
vary widdy and cause a substantial variatioD in knodung ten¬ 
dency among die cylinders. 

(a) The composi t ion of the fud in the cylinders may be 
quite different and cause a vviation in knodcing tend e nc y in 
additioo to that introduced by the differences in air-fud ratios. 

Because of these conditions, independent of all others, there 
is ample cause for a marked variation in the knocking ten¬ 
dency of the fud in the individual qdindezs of an engine 
operated under conditions of imperfta distribotion. Whcdier 
the qdindezs of Type A,B ot C (Table 3) have the greatest 
knocking tendency depends on the following three factors: 

(z) cazbunctor air-fod ratio. 

(a) The d^zee of vaporization and hence the magnitude 
of die variatiem in qdinder air-fud ratio. 

(3) The rdadve concentration of antiknock value in the 
vaporized light ends and the unvaporized heavy ends of the 
fud. 

Adaptation of the Single-Cylinder 

The laboratory knodc-tesdng engine, operated in die con¬ 
ventional manner, pe r mits no prediction ^ the behavior of a 
fud under variatioas of the tbm conditioos just enumerated. 
Uiufer sudi a procedure it is useful only fw the evaluadon 
of the knocking tendency of a fud under a range of c^dcr 
conditions whra the composi t ion and air-fud ratio of the 
mixture enterii^ the cjdinder are the same as for die mixture 
leaving the carburetor. 

A fundamental study on a muldcjdinder engine of fud 
distribution and its effea on knocking is surrounded by many 
difSculdes. The richness of the mixture whidi enters the 
several c^inders can be determined most conveniendy by 
czbaust-gas analysis as described previously. The knnAing 
tendency of the fud in the individual cyUndets is not measur¬ 
able by any instrumentadon devdoped to date but can be 
evalua^ by audibility methods to be described later. The 
maintenance of constant conditions of operation is difScult 

• See S.A.E. TiASBACnon. Jane, 1937, pL 2S0: Seri BeiriMCMMw'a die- 
nweian of '’laftecDee ot SaUay oa Kneek KeHint," bj J. R. WaeCnaor. 

■ Sm S.A.S. TeAmecnom. Mattk. 19Sd. ». 97: Sari BarihoioMcer’a dia- 
rueiien of ** l> da tih o of Sriian i T C e a Compe ahi a o to Air-Fnel Satio,** by 
B. A. trAHeya and W. G; Loeril. 


because of uncontrnllahlo vaziatioDs in ignition timing and in 
tempezatuz^ It is, di ere fow , highly dediahle to adapt the 
CFJR. engine to the study of t^ prob l em, inasmuch as the 
abovememiofied variatioot in opezatii^ con^dons have been 
minimized. 

Fig. 3 diows four intake manifolds for the CFJL cn^ne 
whidi have been designed m pezmit a study, under controlled 
coodi o oos, of the efie m on knocking c a u s rf by vaziadoos of 
fud diwzibodon in the muldq^inder ei^ine. In the azzange- 
ment diown in F^ 3a (iqiper left), a diott qwoer bol^ 
diiecdy to the engine cylrn^ is fitt^ widi a dietmometer 
for the in dication of mixtuze temperature. A standard CFJt. 
m a nifold , widi its mixture heater, is bolted m die ^wcer, die 
flange normally bolted to die cazburetor bdi^ attaAed to die 
spacer. A qiedally designed water-jadeeted manifold secdoo 
is provided widi two Bangts, one of sdiidi is connected to 
the standard CF.R. manifold and the other to die standard 
CFJL ca r b ur etor body. 

After die fod-air mixtuze leaves the cazburetor, it is forced 
to flow down dizou^ the jadteted sccdoo of ir>anWinlri and 
up dirough die standard CP.R. manifold before the 

cylinder. Unvaporized fud vdiich is not carried into the 
qdinder by in die air drains from the 

jack et ed section of the manifnM into a graduated burette. 
The d^ree of fud vaporization is controlled by the tempera¬ 
ture of the water that enters die mantfiniri jacket. Water is 
h eated or cooled externally and widi tap water to pro¬ 
duce the tem p e ra ture required to effect the doized d^ree of 
vaporization. Any final mixture temperature luglier rban that 
existing in die jadccted manifold may be obtai^ by the use 
of the standard CFJL mixture heater. 

In order that the rate of carburetor fud consumption may 
be measured, the standard CFJL intq;ral float-bond and fud- 
container assemblies are replaced by separate float-bowl and 
fuel-container assrroHirs fr^ die Series 30 engine. Three- 
way codu and graduated glass bulbs permit the volumetric 
measurement of fud mitering the carburetor. An air-condi¬ 
tioning unit, as described in the June;, Z937, issue of the SAJE. 
JouxNAZ., page 250,* maintains cazburetor air at constant tem¬ 
perature and humidity and provides for air izieasorement by 
means of a round-edge orifice similar to dun described in the 
Z936 Transactioos of the SAJE., p. 97.* 

The arrangezzient shonm in Fig. 3^ (upper right) has been 
found to efto a zziore complete separa t ion of liquid fud ftom 
die mixture of air and vaporized fud azid, thu^ to 
tnore dosdy the functioning of die multicylinder engine mani¬ 
fold. Essendally it is the set-up sboum in I^g. 30 widi die 
regular CFJL manifold and ^iecial jacketed section reversed 
in position. Variation in die position of the piston in die 
surge cylinder attached to the liquid fud drain at the bottom 
of the manifold permits, with little or no applicatioa of beat 
to the manifold, a wide range of adjustment of the ftacdon 
of the fud drained ftom the manifold in die liquid state. It 
is impossibl e , however, to obtain with this manifold a final 
mixture te m p era t u re higher than that the liquid in the 
jacket. This restriction prevents operation with cjdinder con¬ 
ditions having a severity much in excess of those for the 
Research Method. 

The manifold shown in Fig. y (lower left) permits the 
use of any desired fizial mixture tempe ra ture than 

approximatdy 200 d^. fahr., eff ect s as good sqaradon of 
vaporized and liquid fud as die manifold shown in Fig. 36, 
and requires no surge chamber. The separating diazziber has . 
a cross^ectional area over four times as great as that of the 
remainder of the manifold and consequezidy reduces the 
vdodty of flow to a pdzu that ensures good separation of 
liquid fud from die stream of air and vaporized fud. Heat 
may be applied to die mixture by conventional imzzienioo 
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heaters before or aftw it enters the separating chamber and 
the chamber itsdf may be h«red or cooled by the circulation 
o£ water duough the surrounding jacket. Fig. 4 shows the 
c om p l e te modified fuel sys te m and the manifold of Hg. y 
ut stadl ed on a C.FJL 

The manifold of Fig. 3d (lower right) is of the same essen¬ 
tial design as that of Fig. y but is provided with three 
luxating dtambers instead one. Experience to date with 
tim design is insnffirient to indicat e odKther it pos s es s es any 
si gn i fi can t advantage over that shown in Fig. y. 

Soce provision is made for the naeasurentent of air and 
fod ddivered to die carburetor and the unvaporized fuel bled 
foom the manifold, it is possible to compute the air-fud ratios 
of the mixtures leaving the carburetor and of those entering 
the e3dinder. When unvaporized fud is withdrawn from the 
manifold, die mixture entering die cylinder is leaner than that 
leaving the earburetor and dbe distribution condition is that 
of C]^hider A in Table 3. When no unvaporized fud is bled 
&om die manifold, die c]dinder and carburetor air-fud ratios 
m equal and the distribudon condition b that of Cjdinder B 
in Table 3. 

Tlie distribution condition ci Cylinder C in Table 3 b 
duplicated on the sin^e-qdinder engine by running first 
on^ the conditions Cylinder A and collecting H lb. of 
unvaporized heavy ends. It would be difBcult to design an 
trrangement for the CJPJlf manifold which would 

foed die additional liquid heavy ends to the normal charge in 
die desired ratio. It b easy to accomplish the same result by 
adding die excess heavy aids for Cylinder C direcdy to the 
origb^ fud in die ratio of H lb. of heavy ends for each 
(L -|- H) lb. of original fud and feeding thb mixture to the 
carburetor.' The ca r b ur etor ab-fud ratio b actuated to 

X (ab-fiid ratio for Cjdinder B) = and 


the manifold heating b adjusted for complete vaporization. 
It should be notol that, during the determinatioa ci the data 
for die curve oi Cylinder C, the carburetor ab-fud ratio for 
the sin^c<ylinder engine b not the same as that for the 
muldcylinder engine whose performance b simulated. 

The ratio of L to ff may be varied over a wide range by 
adjustment of manifdd headng. The liquid heavy ends also 
may he'added to the original fud in ocher proportions to 
duplicate other mixture ratios found to exist in the cylinders 
of an automobile engine. 

Fig. 5 shows, for 1937 CFJL winter fud WB-z and sec- 
onda^ ref er ence fuds A-4 and Cio die rdadon of the d^ree 
of vaporization in the manifold to the temperature of die 
water leaving the jacket of the manifdd of Rg. 30. The db> 
dUadmi corves for the three fuds are shown in Rg. 6. 

The d^ree of vaporization in the modified single cylinder 
eng^ maxiifdd varies with fud volatility as in the manifold 
of the muldcylinder engine. Fig. 7 shows for one manifold 
condition for the 1937 CFJL p r e fer red winter fuds, and for 
3 blends of the approved secondary r e f e ren ce fuds, the re¬ 
lation bet w ee n the per cent of fud vaporized in the manifold 
and the per cent ova at 310 deg. fahr. in the AS.TM. 
distillation, whereas lug. 8 shows, for the same fuds and 
manifold condition, the rdadon bowcen the pa cent of the 
fud vaporized in the manifdd and the area unda the dis¬ 
tillation curve above 80 deg. fahr. Figs. 7 and 8 show a 
fairly consistent rdadon between the variables plotted but, of 
course, the de g ree of vaporizadon depends also on the latent 
heat vaporizadon of the fud components. The degree of 
vaporizadon in die manifold might corrdate even more satis- 
factorfly with data bom an ab distillation. 
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Knock Ratingn with the Bled Manifold 

Aher carburetor Boat levd and manifold jacket temper* 
ature have been adjusted to give the desired carburetor and 
cylinder air-fud ratios respectively^ and the final mixture 
temperature has been brought to t^ desired figure, the gen¬ 
eral p r ocedure for making knock ratings with the modified 
man^d is the same as for the hfetor M^od. The compres¬ 
sion ratio is adjusted for standard knock intensity and the 
bouncing-pin indica t or is used to measure knocking tendency. 

If the primary r e feren ce fueb arc used, the fuel octane 
numbers obtained are likdy to difid considmbly, under con¬ 
ditions ol partial fud vaporization, from those obtained by 
the use of the approved secondary reference fuds. Widiin die 
range of manifold conditions of practical interest, the vapori¬ 
zation of heptane-octane mixtures is substantially compete, 
hence octane numbers obtained by the use of the primary' 
rderence fuds have the same meaning as those obtained 



n6.6 DISTILLATION CURVES OF FUELS WHOSE 
VAPORIZATION IN THE MANIFOLD IS 
ILLUSTRATED IN FIG. 5. 

the Motor or Research Methods or by any other method which 
em{doys the convendonal manifold. On the ocher hand, the 
volatility of the C-io and A-5 reference fuds is quite dif¬ 
ferent; therefore, under any condidon of partial vaporizadon, 
a larger fraction of the C-xo component is vaporbxd in the 
manifold. As the concentradon of A-5 in the blend is in¬ 
creased, the per cent of the blend leaving the manifold in the 
vapor state is decreased, and the inherent andknock value 
of the reference-fud mixture which enters the cylinder de¬ 
creases less rapidly than does the per cent of C-io in the 
blend. The result is that, under these condidons, a given 
increment of andknock vaJue txutched against blends of the 
secondary reference fueb is interpreted as represendng a 
larger difierence in octane numbers than when matched di- 
reedy against the primary ref e r e n ce fuels. The same condi¬ 
don prmumably exists during road knock tests and raises the 
quesdon of the possible relation between it and the occasion¬ 
ally observed r^dve insensidvity of can to changes in the 
per cent of C-io in the blends of ^ secondary reference fueb. 

When a measure of the difiereitce in knocking tendency of 
fuels under condidons of imperfect distribudon b desired in 
units bearing a definite relat^ to critical compression ratio, 
it is customary to make the comparisons direedy against 
hepune-octane mixtures. When the problem b to conebte 
Uteiatory radngs with those obtamed on the road with the 
secondary reference fuds, the btter reference fueb are used 
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in the laboratoiy. If the conditions of engme ope r ation on 
the road are duplicated in the bboratory, the fraoions of the 
reference-fuel Ueiub ddivered by die cuburetor that leave 
the manifold in the vapor state are the same in bodx cas e s. 
If the octane numbers in terms of the primary refe r e n ce fuds 
are to be determined at one dme for one or more fuds at 
several de g rees of imperfect vaporizadon, it b customary to 
determine the compression ratio for each that produces a 
knockmeter reading of 50 and to read octane numbers feom 
a curve of octane num^ versus compression ratio for con¬ 
stant knock intensity, made at the condusion of the tests. 

When the degree of vaporizadon b low, as for example 50 
to 60 per cent, ihe unsteady state following a diange from 
one fiKl to aniotiher b of quite long duradon. In any case 
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where vaporization is not perfect, the u ns t e ady state persists 
for a longer period t han under the Motor Method conditions. 
There appears to be no way at constant speed of the labora* 
tory engine to shorten the period of transient condi t i o ns. In 
tests on the road the car engine is usually operated at high 
q )eed for a brief period, following a change from one fud to 
another, during which the manifold is washed dean of the 
previous fud more quickly. A multi-speed, power-absorption 
generator and larger sarnies of fud should permit a similar 
procedure in the laboratory. 

Even uiuler the most fovoraUe conditions in die laboratory, 
ratings made widi the bled manifold require more time and 
a higher degree of skill than those made by the conventional 

I 
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methods. It is bdieved that reproducibility of ratings is about 
the same. Complete studies of fuds under a wide range of 
carburetor and manifold conditions, carried out by the pro¬ 
cedure just described, should consdtutc a valuable tool for 
both the fud refiner and automotive engineer. 

The result of tests made on a single-cylinder engine 
equipped with the bled manifold might be used as a ^is 
for t^ correction of ratings obtained by the conventional 
procedure. It would be preferable to obtain final ratings, by 
a sin^e engine test, which would be corrected for the distn- 
budon efie^ in the car engine and in ag r e em ent with the 
average ratings obtained in cars on the road. Possibly a set 
of «-n ginf? condidons, induding a modificadon of the intake 
manifdd, could be found to produce such ratings. 

Distribation throt^ the Fuel DistillAtion Range 

It has been stated previously that the reladve knocking 
tendency of the lean, normal, and rich cylinders (denoted by 
A, B, and C respeedvdy in TaUe 3) depends on the carbu¬ 
retor air-fud rado, the degree of vaporizadon in the car¬ 
buretor and manifold, and foe reladve concentration of and- 
knock value in the vaporized light ends and unvaporized 
heavy ends of foe fud. The distribution of antiknock value 
through the distillation range may be measured by separadng 


the fud into a number of cuts by disdlladon and determining 
the octane number of each by any of the conventional knock- 
testing methods. Fig. 9 shows such data for a typical com¬ 
mercial lead-foec* gamlme base stock so treated. The most 
volatile foacdons ^ve foe highest andknock value, and the 
heavier cuts have progressivdy lower octane number. 

Such a procedure is time-consuming and not required for 
the determination of the distribution of andknock value 
within foe practical limits of interesL A more convenient 
method is to effect the distillation and measure andknock 
value simultaneously in the engine itsdf. Fig. to shows foe 
octane numbers of a number of cuts of the 1937 CFiL pre¬ 
ferred winter road-test fuds and of five other fu^ The cuts 
were made by varying foe degree of vaporization in foe mani- 
fdd and, in each case, they induded the most volatile frac¬ 
tions of the fud. All ratings were made at foe air-fud ratio 
for maximum knock. The curves are stopped at approxi- 
matdy the 50 per cent vaporization point for foe least volatile 
fuels, inasmuch as this point appears to represent roughly the 
extreme condition to be met on foe road. 

Fuds may be separated roughly into three broad classes in 
accordance with foe distribudon of andknock value along 
thdr disdlladon curves, as follows: 

(1) Those whose cuts by simple distillation from foe 50 to 
too per cent points have approximatdy foe same andkiKick 
value as foe first 50 per cent cut as, for example, fud WA-i 
in Fig. zoo. 

(2) Those whose cuts by simple distillation from the 50 to 
100 per cent points have constandy increasing antiknock value, 
illustrated by specially blended fuel S-6 in Fig. 100. 

(3) Those whose cuts between the 50 and 100 per cent 
points have constandy decreasing antiknock value, such- as 
fud WG-i of Fig. lob. 

Among cointncrcial lead-free fuels, those of the third class 
are by ^ the most numerous; however, the degree of con¬ 
centration of antiknock value in the light ends, although vari¬ 
able, never approaches that of specially blended fud S-11 
referred to herdn (Fig. lob). Conunercial lead-free fuels of 
the first dass are encountered occasionally and fuels of the 
third class may be changed, by the addidon of lead tetraethyl, 
to have.the duuaaerisdcs of those of the first class. Those in 
the second class are not available commercially but may be 
made for research purposes by careful blending of selected 
components. 
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Variation of Cylinder Air-Foel Ratio 

It has been pointed oat in Table 3 diat impeifea distribu¬ 
tion causes some cylinders of die multic3dmder engine to 
receive mixtures richer and leaner respecdvdy than that leav¬ 
ing the carburetor, whereas others may receive a mixture 
having substantially the same composition and air-fud ratio 
as that leaving the carburetor. Inasmuch as the knoddng 
tendency of tk fad in the cylinder is influenced markedly 
by alT'fi^ ratio as wdl as by the composhioo of the fud, it is 
interesting to investigate combined edM of these two 
variables resulting fiw imperf^ distribution of the fud in 
the multicylinder engine. It is possible to predict for any 
given fud die rdadve knocking tendency of the several cyl¬ 
inders by the construedon of any one of a nomber of didereni 
charts after a scries of tests of the fud made on a CFJl. 
engine equipped with one of the manifolds shown in Fig. 3. 
The type of chart which is most satisfactory depends on the 
inhumation dedred. 

Inasmuch as the most frequent problem is the prediction 
of the rdadve knocking tendency of a group of fuds in a 
single car under a given set of conditions, the most valuable 
type of chart b usually one constructed on the basis of con¬ 
stant carburetor air-fud ratio. The chart of Fig. xi b con- 
struaed at a carburetor air-fud rado of iijxi for fud S.E.G.M. 
No. 2, which is a typical commercial, regular grade, lead-ftee 
base gasoline comprising a mixture of straight-run and 
cracked stocks. The scale of ordinates is cridcal compression 
rado, defined as the compression ratio required for a knock- 
meter reading of 50. The scale of abscissae b -the per cent of 
the fud ddivered by the carburetor which leaves the manifold 
in the vapor state. 

Data f^ the construaion of the curve for Cylinder A arc 
obtained by operadng the engine at the desired speed, spark 
advance, and final mixture temperature and, by adjustment 
of manifold temperatures, varying the per cent of the fuel 
delivered by the carburetor which is bled from the manifold 
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FI6.il EFFECT OF UNEQUAL DioTRlBUTION OF THE 
FUEL IN THE MANIFOLD ON THE CRITICAL 
COMPRESSION RATIOS OF THE INDIVIDUAL 
CYLINDERS OF AN ENGINE. 

TYPICAL COMMERCIAL LEAO-FREE BASE STOCK- 
AIR-FUEL RATIO AT THE CARBURETOR, II.SI 


in the liquid state. The compression ratio for a Ittwltnvtfr 
reading of 50 is determined for each rate of fud bleeding and 
the curve is drawn through the points so determined. If the 
air and . fuel passing through the carburetor and the liquid 
fuel bled from the manifold are measured, it b possible to 
compute the air-fud ratio of the mixture vdiidx enters the 
cylinder. This information is shown beside some of the data 
points in Fig. ii. 

The air-fuel ratio and composition of the mixture in Cyl¬ 
inder A under the condition of comi^ete fud vaporization 
would apply to the normal Cylinder F of the multicylinder 
engine regardless of the degree of fud vaporization in the 
manifold. The curve for Cylinder B therefore b a strai^ 
line, parallel to the horizontal axis, and intersecting the curve 
for Cylinder A at the too per cent vaporization point. 

It will be recalled that Cylinder C of Table 3 reedves a 
normal charge plus the liquid heavy ends which, under con¬ 
ditions of perfect fud distribution, would have entered Cyl¬ 
inder A. ^ta for the construaion of the curve for Cylinder' 
C are deteimii^ed in the manner previously described. When 
vaporization isicomplae in the manifold, H becomes zero and 
the curve for bylinder C has a point in common with the 
curves for Cyliji^rs A and B. 

Fig. 100 sholws that the lighter fraaions of fud S£.G.M. 
No. 2 have the| higher antiknock value, neverthdess. Fig. xi 
indicates that, tinder conditions of imperfea fud distrib^on 
at a carburetor I air-fud ratio of iiax, Cylinder A which re¬ 
ceives the fud I of highest inherent antiknock value has the 
greatest knocking tendency of the three cylinders when 69 to 
too per cent of fud leaves the nunifold in the vapor state. 
Furthermore, bylinder C, which reedves fud having the 
lowest inherent I antiknock value, has the least tendency to 
knock. As the jdegree of vaporization decreases, the ab-fud 
ratio of Cylind^ A decreases from ixai toward the maxi¬ 
mum knock air|.fud ratio, and thb change in ab-fud ratio 
has a greater in^uence on the knocking tendency of the fud 
in the cylinder than the increase in the inherent antiknock 
value of the fu^ fraction itsdf. Similarly, the richening of 
the mixture in Cylinder C under the same conditions 1^ a 
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FIG.I2 EFFECT OF UNEQUAL DISTRIBUTION OF THE 
FUEL IN THE MANIFOLD ON THE CRITICAL 
COMPRESSION RATIOS OF THE INDIVIDUAL 
CYLINDERS OF AN ENGINE. 

TYFICAL COIMIERCIAL LEAO-PREE BASE STOCK. 

AIR-FUEL RATIO AT THE CAR8URETOR,I4.40 

(MAXIMUM KNOCK) 

i 

greater efiect on the knocking tendency of the fuel in this 
cylinder than the decrease in ^ inherent antiknock value of 
thefueL ^ 

The base fud and conditions illustrated in Fig. ii are those 
of commercial interest. As a matter of academic interest and 
to provide a more comj^ete background for the fuel*distribu' 
don problem. Figs. 12 to 16 have been prepared. Fig. 12 is 
constructed for fud SJE.G.M. No. 2 illustrated in Fig. iz but 
at the carburetor air-fud ratio for maximum knock. A full* 
throtde setting so lean is not used in cars because of the 
resultant loss ^ power at all speeds and uneven operation at 
low speeds. The carburetor condidons illustrated in Figs. 13 
and 15 are in the normal range but the fuels for these figures, 
as wdl as for Figs. 14 and 16, are specially blended extreme 
types whidi are not r e pr es en tadve of comnKrdal gasolines. 

Fig. Z 2 is similar to Fig. ii in all respects except that the 
duburetor air-fud rado is the maximtun knock rado for fud 
S£.G.M. No. 2 . At this carburetor setdng the air-fud rado 
for Cylinder A becomes leaner than that for maximum knock 
as the degree of fud vaporizadon is decreased. Simultaneously 
the inherent andknock value of the fud in the cylinder in¬ 
creases. The result is a marked rate of increase in cridcal 
compression rado as the degree of vaporizadon decreases. 

Under the same conditions, the air-fud rado of the mixture 
in Cylinder C becomes richer than that for maximum knock 
and for this reason the fud tends to knock less. At the same 
dme, however, the inherent antiknock value of the fud de¬ 
creases. The result of these two opposed tendendcs is that, 
as the degree of vaporizadon decrea^ the knocking tendency 
of Cylin^ C at first remains dose to that of normal Cylinder 
B, but becomes less than that for Cylinder B as the deg r ee of 
vaporizadon is decreased still further. 

The differential in antiknock value between the light and 
heavy ends of fud SJEGAf. No. 2 is within the normal range 
for commercial fuels. Fud S-ii was specially blended to have 
light and heavy ends of e x tr em dy high and low antiknock 
vdue respeedvdy. This abnormal di^budon of antiknock 
value through the fud fractions reverses the rdadve knocking 
tendoKy of the rich and lean qdinders. Fig. 13 shows for 


this fud the rdadve knocking tendency of the three typical 
cjdinden. A, B, and C, vdien the carburetor air-fud rado is 
1x^6. llie difference between the knocking terxkncy of the 
li^t and heavy fractions of this fud is so great that, as the 
air-fud rado CyliiKler A moves from iz^6 toward die 
maximum knock air-fud rado, the increase in inherent and- 
knock value of the fud in the qdinder almost exactly bal¬ 
ances the efi^ of‘the change in cylinder air-fud rado. At 
cylinder air-fud ratios leaner than maximum knock, both 
tend to dcoease knocking and the curve for Cyl¬ 
inder A rises rapidly. 

As the d^ree of vaporization is decreased, the knock¬ 
suppressing edect of the richer mixture in Cylinder C is not 
sufficient to compensate for the depressing e fi ett of the addi- 
donal heavy ends of very low andkixick i^ue: Rich Cylinder 
C, therefiire, has the greatest knocking tendency, rdadve to 
that of Cylinders A and B, when vaporization is bet w e en 71 
and zoo per cent. 

When the carburetor air-fud ratio is that for maximum 
knock (Fig. Z 4 ), the rich Cylinder C sdll has the greatest 
knocking tended, rdadve to Cylinders A and B, between 
vaporization rates of 72 and zoo per cent. Fig. Z4 shows, 
however, that its knocking tendency does not gready exceed 
that of the normal Cylindv B. 

Fig. Z5, similar to Figs. 11 to 14, is constructed at a car¬ 
buretor air-fud ratio of iz.03 for fud S-6 which was specially 
Mended to have light and heavy ends of extremdy low and 
high andknock value respeedvdy. As the rate of f^ vapori¬ 
zadon in the manifdd is decreased, the inherent antiknock 
value of the fud in lean Cylinder A is decreased, and the air- 
fud rado of the mixture moves nearer to that for maximum 
knock, consequendy the knocking tendency increases rapidly. 
Under the same condidons, as the mixture in rich Cylinder C 
moves farther away from the maximum knock point, the 
inherent andlmock value of the fud in the cylinder increases. 
The two effects combine to cause the knocl^g tendency of 
the fud in Cylinder C to diminish rapidly. It should be noted 
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FI0.I4 EFFECT OF UNEQUAL DISTRIBUTION OF THE 
FUEL IN THE MANIFOLD ON THE CRITICAL 
COMPRESSION RATIOS OF THE INDIVIDUAL 
CYLINDERS OF AN ENGINE. 
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that at 75 per cent vaporization the difierence between the 
critical compitssion ratios for Cylinders A and C is 1.19 
ratios, equivalent roughly to 30 octane numbers. 

Fig. 16 shows that, when the carburetor air>fuel ratio for 
fuel is that for maximum knock, the lean Cylinder A has 
a slightly greater tendency to knock than the normal Cylinder 
B when ^ rate of vaporization is between 90 and 100 per 
cent, but that Cylinder B knocks most at lower rates of vapori* 
zadon. The effect of carburetor air-fuel ratio is quite pro¬ 
nounced for this fuel. 

Furis of conunerdal interest have a distribution of anti¬ 
knock value along their distillation curves which lies between 
but docs not approach that ior fuels S-d and S-zi. A study of 
the charts for these two fuels, together with those for fuel 
S£.GM. No. 2, should permit a prediction of the behavior 
of fueb having various degrees of concentration of antiknock 
value in the light and heavy ends. 

Some-mention should perhaps be made of a hypothetical 
fud, all of whose fractions have equal inherent antiknock 
value. The knocking tendency of the fud in any cylinder 
would depend only on'the air-fud ratio with respect to dut 
for maximum knock. At the carburetor air-fud ratio for 
maximum knock, the normal Cylinder B would have the 
greatest knocking tendency, regardless of degree of vapori¬ 
zation. At a normal carburetor air^i^ ratio, which would 
be richer than that for maximum kno(^ the knocking ten¬ 
dency of Cylinder C would decrease with a decrease in the 
rate of vaporization, whereas Cylinder A would knock in- 
creasin^y more as its air-fud ratio approached that for maxi¬ 
mum kn^k. 

Elffeet of Atmoepheric Temperature 

In the case of an engine whose choke and mixture-heating 
valves are not adjust^ automatically or manually as the 
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atmospheric temperature changes, the eff^ of a decrease in 
atmospheric temperature is two-fold, as follows: 

(1) To lean the carburetor mixture. 

(2) To dtxrcase the vaporization of the fud in the carbu¬ 
retor and ititake manifold and to widen die diffdential be¬ 
tween the air-fud rados of the richest and leanest cylinders. 
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Obviously a reducdon in atxnos{^ieric temperature, in the 
absence of adjustment of chdce or mixture hat-oontxol valve, 
may result in mailted changes in die rdadve ratings of fuds 
which bear no rdation whatever to the sensitivity the fueb 
as determined by the difEdences bet we e n their Research and 
Motor Mdhod ratings. This point is confirmed by a study of 
die data from recent road Icn^ tests. ^ 

I 

Adjustment of Choke and Biixtnre Heat Control 

Some form of chdte, either manual or automatic, always is 
installed on the car engine. There is usually also a manual 
or automatic h^-ooQtrol valve. During the warm-up period 
in the winter die ef fect of the chcdce is to decrease die air-fuel 
ratio considerably. Under these conditions the degree of 
vaporizadoQ is low, and the rdadve knocking tendency of the 
several cylinders of the engine may be predicted by a study of 
Hgs. XX, Z3, and 15. 

After the warm-up period the choke is usually not an im¬ 
portant factor in die knocking problem, but this condition is 
not true of die mixture heat-control vdlve, especially if auto¬ 
matically actuated. As applied to one wdl-Jcnown car, die 
valve bypasses the maximum heat to die intake maidfold 
when ^ temperature of die air surrounding the manifold is 
low, but s^pto p rogre ssi vdy lest heat as the temperature 
under die h^ rises until, at an air temperature of 75 d^. 
fihr. near die thermostat, die valve is dosed endrdy. The' 


temperature of the air at the thermostat is about 60 deg. fahr. 
higher dian that of the air outside the hood. If an outside 
air t emp e ra ture of xoo deg. fahr. and a corresponding tem¬ 
perature under the hood of x6o deg. fahr. are required for 
complete vaporization, a substantial portion of the fud leaves 
the manifold in the liquid state when the mixture heat-control 
valve doses. Vaporization'nuy actually be less when die 
valve closes than at some lower outside air te mpera ture. 

The rdadve efSdency of heat in vaporizing the fud, when 
applied to the carburetor air and to the mixture through a 
bM-spot, immediatdy becomes of much interest. Fig. xy shows 
djagrammatirall y a modified sing^e-c]dioder ^-w gin* intake 
fnanifrJ^, toget^ with associated equipment, d»gned for 
a study of t^ae e fi ects. The manifdd 1 ^ a long horizontal 
section and a U-bend, the latter being provided an open¬ 
ing diroug^ which liquid fud flows to a graduated boxvtte. 
A^ flowing downw^ through die verd^ carburetor, die 
fud and air mixture is forced to turn a comer. Direcdy under 
the carburetor is the dectrically heated hot-spot against which 
liquid fud impinges as it turns the comer. 

A secdon.of the manifold is surrounded by a jadcct diroi^ 
which water of varying temperature may be drcnlated iot 
heating of the mixture. Air for the carburetor is supplied by 
an air-conditioner udiich is capable ddivering air having a 
range of temperature and huxnidity. 

¥ig. x*8 •shows for one commercial gasoline die rdadoo 
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b e t wmi tempencuic the mmure cotering the qrlioder and 
die d^iee -^ fad vaporizatioa when the heat is supplied 
ahemately te die carboictor air and to the faot-qioc. Between 
the limits of no heat applied to the hot-spot and com p l ete 
vaporization of the fuel bjr eidier mediod of heating, the 
mixture at anjr temperature leaving the manifoM c ont a in s a 
gre a ter fraction of die fud deliver^ by die catbuiecor vHben 
the heating is done by the bot-qxx. For example, at a final 
mixture temperature 85 deg. fahr., 88 per cent of the fud 
passes into t^ cylinder with the air when the carburetor air 
is heated, but die quantity increases to 94 per cent when die 
heat is apfdied by the hoc-spoc Similady, complete vaporiza¬ 
tion of the fud is accomplished at a los^ mixture tenqiera- 
ture in the case of hot-spot heating. 

Variadons in Ignition Timing Between Cylinders 

The relative knocking tendency of the cylinders of a multi¬ 
cylinder engine varies wkh carburetion and fud distribution, 
as illusttated in Figs, xz to 16, provided that spark advance 
and qdinder cooling are unifom. Because of the longer 
c^inder jackets and better direction of Bow of cooling water 
in recendy built car- engines, it is believed that variations in 
knocking among die cylindm due to difierences in cooling 
have, in general, been minimized. Variations in spade ad¬ 
vance appear to create a greater problem. For examf^ the 
leanest c^inder may have die greatest knocking tendency 
because partial fud vaporization and imperfect distribudon, 
as illustrated jn Fig. 11. If, however, the spark advance in 
this cylinder during knocking is retarded rdadvc to that in 
the other cylinders, the most pronounced knock may occur in 
soooe other cylinder. In any study of the efiects of fud dis¬ 
tribudon it is desirable, tboefore, to be able to measure the 
ignidon advance in each cylinder simultaneously. 

Hg. 19 shows a recendy devdoped instrument for this 
purpose. A drum wdghing 20 lb. and designed to hold a 
strip of 35'miii. dnema film on its outside surface is driven 
at a constant speed of 75 r.pjn. by a 6-volt dectric motor. A 
neon tube is e^osed in a small light-dght box vdiich is quite 
dose to die drum. A narrow slot in ^ box, paralld to the 
axis of the film drum, permits the Bash of the neon tube to 
appear as a line on the film, perpendicular to its length. The 
tuk li^ts as a result of the voltage induced by the breaking 
of the primary dreuit of the ignidon system and by the 
modon of two flywhed studs, 180 deg. apart, past a magnedc 
pickup mounted on the flywhed tmusing. The pickup is 
similar in design to that employed by the Chrysler Corp. in 
its instrument for the measurement of mean spark advance 
in the cylinders. The induced voltage is amplified by the 
triode secdon of a dujdex diode-triode vacuum tube (Type 
dR-y) and the amplified output is coupled to the grid oi a 
power tube (Type 6A-3). The neon tube is connected in 
paralld with the load resistance of the power tube. It is 
lighted when the vdtage across the load resistance of the 
power tube rises to approximately 90 volts and is extinguished 
when the voltage apfAied to the grid of the power tube de¬ 
creases due to terminadon of the signal impulse. 

The oscillatory impulse from the primary of the ignidon 
coil due to the opening of the breaker points is rectified and 
amjJified in the Type 6R*7 tube and applied to the grid of 
the powe^ tube, producing a Bash of the neon tube and a 
mark on the film for the firing of each cylinder. A pordon 
of die hi^-voltage impulse to No. i spark-plug is amplified 
and applied to the grid of the power tube, resulting in a flash 
of longer duration which identifies the fiilm mark for No. i 
cylinder. One revdudon of the film drum covers a number 
of compl ete engine cycles. A ratchet-type rday limits the 
exposure to one revolution of the film drum. 

Ignition timing of the individual c^inders is read from a 


curve of ac^alar dbplaocment of the crankshaft versus otne, 
obtained-from die flj^bed r e feren c e prints. 

Knockdiiig Tendency of Lidividnal CyHndeca 

Tbe knockiiig tendency of the individual qdinders of a cat 
engine may be determined by die aid of the auxiliaty breaker 
us^ widi the gas sampling valve as shown in Fig. 3. When 
the knocking ri No. i C3dinder is to be measured, die regular 
distributor is retarded a^ die auxiliary breaker is sec to pro¬ 
duce a timing in No. i C3^inder whi^ is tbe same as that 
given by die r^ular dittributor when adjusted properiy. 
After the kno<Jang tendency of No. i cjiinder has b» mea¬ 
sured, the auxiliary breaker is used to produce die co crect 
ignition timing in Cj^indcr No. z, and so on for die remain- 
^ of the cyh'nders. Since die auxiliary breaker is mounted 
on the same shaft as the regular breaker, it duplicates the 
advance characterisda of the tegular breaker. 

Reference Fnek 

The scale of ordinates for Figs. 11 to 16 is crkicai com¬ 
pression ratio. For some purposes it may be desirable to 
substitute an octane-number s^e, but many such scales are 
possible, depending on the choice of re fe r e ^ fuds and the 
condidons under which they are tested. For example, either 
the primary or :secondazy reference fueb might be u^. They 
might be run always at the maximum knock air-fuel rado or 
at the same carburetor setting as for the fud under test. A 
Uend of the secondary reference fuds equal to a given blend 
of the primary leference fuds at the maximum kn^ air-fud 
ratio may be far fxom equal at another air-fud rado. 

The reference fuds may be run under condidons of com¬ 
plete vaporizadon or under the manifold conditions employed 
for tbe fuds under test. In tbe usual tests of oommer^ 
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gaaoiinrt, only a small £racti6a o£ the primary refer e n ce fuels 
fails to vaporize, even when the rate of va poriz a t ion of the 
test fods is low. Under the same conditions, a mudi larger 
fraction of the secondary refdence fud blends remains in the 
liquid state and the unvaporized portion is composed laigdy 
of fud A-5. The equivalrat octane numbers of single points 
on the curves of Figs, ii to 16 may vary as much as 15 octane 
nuxxibers, depending on the choice and method of testing of 
the reference fuds. Curves of octane number versus per cent 
of vaporization may have shapes endrdy difEerent from the 
oorxesponding curves of critical compression ratio versus per 
cent vaporization. 

There is every reason to bdieve that the complication intro¬ 
duced into the interpretation of bboratory octane numbers 
obtained uiKler conditions of partial fud vaporization enters 
also into the detennirution of road ocune numbers. Rq;ular- 
grade gasolines require the use of the C-io and A-5 reference 
fuds. As the per cent of the A-5 component in tl^ blend is 
increased, the fraction of the ble^ which is vaporized in the 
manifold should decrease, causing the leanest cylinder to 
become leaner and the richest cylinder richer. The cylinder 
which knocks most on the test fud nuy not knock most on 
the reference-fud blend, and the ^jdinder which knocks most 
on a Uend containing a hi^ per cent of C-10 may not knock 
most when the per cent of C-io is reduced. 

If the vobdlity of the two secondary reference fuds were 
interchanged, the knocking tendency of a given percentage 
blend under any condition of imperfect distribution obviously 
might be maric^y difierent. An increase in the concentration 
of A-5 in the ble^ would then increase the vaporization in 
the manifdd with a resultant decrease in the inherent anti¬ 
knock value of the vaporized portion. Such effects introduced 
into the road knock-testing procedure by the difference in 
vdatility of the reference fuds appear in the road ratings of 
the test fuds as apparent appreebtion or depredation of these 
fuds with respea to the bboratory ratings. 


Once the observation is made that road octane numbers 
deter mined under conditions of imperfect manifold vaporiza¬ 
tion and fud distribution are influciKcd by the dioiee of 
secondary r e feren c e fuds, a consideration of desirable char¬ 
acteristics of secondary r ef eren ce fuds assumes real impor¬ 
tance. In the light of the previous discussion it appears that, 
feom the standpoint of minimizing the complications intro¬ 
duced into road kzock testing by the secondary reference 
fuels, such fuds ideally should have the following diarac- 
teristics: 

. (x) The distillation curve of the fud of high anrilcnnrlt 
value ffiould match exaedy that of the fud of Iw antiknock 
value in order to provide constant vaporization in the mani¬ 
fold as the propordons of the two fuds in die blend are 
changed. 

(2) The vobdlity of the reference fuds should approxi¬ 
mate that of the average commercial gasoline, thereby ensur¬ 
ing, in so far as possible, the same cylinder air-fud ratios for 
the test and refenmee fuels. 

(3) All feacdons of each fud should have equal antiknock 
value in order to prevent a change in the inherm antiknock 
value of the vaporized pordon of the blend in the maiufold 
as the degree of vaporization is changed. Inasmuch as com¬ 
mercial gasolines have light ends whose antiknock value is 
higher or lower than or equal to that of the heavy ends, the 
distribution of antiknock value in the reference-fud Uends 
would then approximate that of the average of fueb met in 
service. 

These spedficadons constitute a large order which will 
probably never be filled. It should, however, be possible to 
produce secondary reference fuds which, for use under con- 
didons of partial vaporizadon, are an improvetxxent over the 
present A-5 and C-io fuds. The latter fueb are endrdy 
satisfactory for use in the bboratory in conjunction with the 
standard CXFJL engine manifdd and were alm^cr equally 
suitaUe for road-test purposes until die fud-distribudon prob- 
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lem attainfid its present importance. It sliould be noted diat 
the primary rffrrrnflp £ods substantially fulfill the first and 
diird of the above<lescribed specifications. 

Correlation of Road and Laboratory Ratings 

The condadon of laboratory widi road knock ratings 
creates two disdna and basically difEerent problems, namdy: 

(i) Reproducing on the labi^toty engine the conditions 
of operation of a sin^e car engine in a sin^e tesL 

(3) Determining a laboratory procedure which gives rat¬ 
ings that agree in so far as possiUe with the averages of 
ratings obtained in a group of cars under one or more con- 
didons of test. 

The first problem is by far the simpler. If every variable 
of engine operation such as mixture and cylinder tempera¬ 
tures, spark advance, speed, fuel composidon, and mixture 
ratio, applicable to the knocking cylinders of die muld- 
cylin^ engine is duplicated on the laboratory engine, the 
ratings of all types of fuds should be duplicated provided, of 
course, that the same reference fuds are used in both cases. 

If partial fud vaporizadon in the intake manifold of the 
car engine gives rise to difidential distribution of unvapor- 
ized liquid fud which, in turn, causes a cylinder richer or 
leaner than the normal cylinder to have the greatest knocking 
tendency, the knock ratings in the car engine of a wide 
variety ^ fuels can not be duplicated on the laboratory engine 
unless provision is made for the simdadon of the mixture 
distribution of the muldcylinder engine by some means such 
as that described herein. A fortuitous compensadon for the 
efibets of mixture distribution may be made for a limited 
number of fueb by changes in other engine variables, but such 
an arrangement is almost certain to fail when applied to a 
large group of fuds. 

A modification of the conventional laboratory knock-tesdng 
procedurq by the subsdtudon of a manifold designed to simu¬ 
late the action of the intake manifold of the car under con¬ 
sideration should go a long way toward ez{^ining the 
anomalous behavior of fuds observed from time to time in 
a sin^e car. 

Before an attempt is made to duplicate oh the laboratory 
engine the ratings obtained on a given car, it is bdieved 
advisable to construct a chart similar to Fig. 20 in which 
air-fud ratio, spark advance, and cylinder kno^ intensity are 
plotted a^hhist cylinder number. Such a chart not only indi¬ 
cates the cylinder of greatest knocking tendency and its air- 
fud ratio, but furnishes the data requi^ for the computation 
of average air-fud ratio and the degree of vaporization. The 
informatioo on ignition timing may serve to explain the 
greatest knocking tendency of one cylinder when, under con¬ 
ditions of uniform ignition timing, the laboratory engine 
indicates that a cylinder having a difEerent mixture condition 
should knock most. 

The second problem - that of finding a set of operating con¬ 
ditions for the laboratory, engine which gives ratings that 
agree with the average of ratings in a group of cars - is quite 
di&renL The average road ratings r^ect the results of the 
simultaneous operation of a host of variables combined dif¬ 
ferently in each car. Considering alone those variables which 
arise through variations in carburedon and fud distribution 
in the engine, it is obvious that a fud might be rated in one 
car under conditions of substantially perfect distribution and 
at an air-fud ratio near that for maximum knock whereas, in 
another car, distribution might he equally good but the air- 
fud rado in all cylinders might be considerably richer than 
that for maximum knock. In a third car with imperfect fud 
distribudon the rating might be determined by t^ behavior 
of the portion of the fud leaving the manifold in the vapor 
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FIG. 2a VARIATION OF AIR-FUEL RATIO, SPARK 
ADVANCE, AND KNOCK INTENSITY AMONG 
THE CYLINDERS OF AN AUTOMOBILE 
ENGINE IN .THE SPEED RANGE OF MAX¬ 
IMUM KNOCKING. 


sute and burned at the air-fud rado for maximum knock. 
The list of positibilides is far from exhausted when it becomes 
apparent that no single set of carhuretor and manifold cois- 
didons for the laboratory engine theoretically should ^ve 
radnp equal to the average of ratings obtai^ on sev^ 
cars having a wide variadon in carburedon and manifold 
condidons. 

Notwithstanding this situadon, definite and consistent 
efiects of non-uniform fud distributfon are now apparent in 
any fud knock-radng data obtained on a group of cars. Otte 
of the most impressive demonstrations of the importance of 
this variable was furnished by a series of road tests in which 
the 12 test fuds were specially Uended to have an extreme 
concentration of antiknock value in difierent pordons of the 
distillation range. Fuds S-6 and S-ii, previously rttendotred, 

' were two of the test fuds. 

After the efiects of imperfect fud distribudon within the 
engine have beep found to exist, the proNem of most imme¬ 
diate interest is the devdopment of some means for die cor¬ 
rection of variatfons in t^ road ratings of fuds, rated as 
equal by present laboratory methods, due to this variaUe. The 
British have for fome time used a coirecdon factor for henzol 
blends. For the 30 per cent of the total aromatics in any 
gasoline, i octane number is added to the convendooal lab¬ 
oratory rating arid, for each additional 15 per cent of aro- 
madcs, another oj%me number is added. A correction factor. 
apf^icaUe to all ^ypes of fuds and capable of direct deter- 
minadon on the ^gine would be desiraUe. 

It is to be hopejd that automodve engineers will be able to 
find a not-too-expjensive means for minimizing variations in 
fud distribudon 4 t low engine speeds. In the meantime the 
oil refiner will undoubtedly make an effort to correct, by some 
change in the U|botatory knock-tesdng procedure, peese n t 







1>6 


154 


S.A.B. JOURNAL VoL 42. No. 4 


(T««. 

inequalitirt in the road perfocxtiaocc of fuels of equal octane 
number arising because the mixture-distribution .problem. 

The addition of concentrated knock suppressors to fuds 
may diange the distributkm of antiknock vdtie through the 
fuel fractMOs. The chmce of anriknorks to meet die wide 
range of conditions resulting from variations in carburedon 
and manifolding is a compla problem in itsdf. It is hoped 
that this subject may be discussed in a bter paper. 


Discussion 

J 

Stresses Need for 
Further Study 

- L. £. Hebl 

I 

Sk«S PttroUum Corp. 

£ must recognize that, in our study of detonation, none of us 
has followed the icientiSc mediod more closdy dun has Mr. 
Barthoiocnew, sdiosc evaluation and classifiation of the variables in¬ 
volved has bra relentless. He was probaUy die first to bepn classifjdng 
primt^ and secondary variables when in 1939 he said: ’In faa the 
variadoo in ratings with changes in veed, tpaik advance, compressioo 
ratio, dirocde opening, and so on can, in almM every case, be traced to 
a difference in temperature condioons.”* Mow again be pioneers in dem- 
oostradng that not only those variables influencing the nianoer in vdiicb 
tbc mizture bums widiin the cylinder are significant, but also account 
must be taken of die variables tfot aff^ the composition of the mixture 
that enters the cylinder. I 

Mr. Bartholomew's paper comes at a very opportune time when the 
au to m obi le and oil industries are d is t ur bed by the realization that die 
present test mediod does not rate fuds in ^ co r iKt order of tfaeir 
pofonnance in multicylindcr engines. Although the Cooperative Com¬ 
mittee has already carried out some tests which could pr^ably be used 
as a basb for modifyi^ the test method, it would be very unwise to 
p roceed tnth the addition of a modified test until Mr. Ba r tholo m ew has 
had time to the manifold phenomena more thoroughly and to 

learn vdie^er a practical correcdon for dicse phenomena can be applied 
to the laboratory test.* | 

Briefly, it rxiw ^>pmrs that the manifold phenomena tend to lower 
the tati^ in mnld^linder enginet and, in order to obtain agre em e n t, 
the single-cylinder laboratory engine has been operated at cxcessivdy 
high temperatures so that ratings in it also are reduced to match the 
average road tnlucs. However, | the high-temperature affects cracked 
mainly, whose ratings arc reduc^ tM much in the laboratory, 
w hereat ratings on straight-run gasolines, which are insensitive to tem¬ 
perature, arc not reduced enough. The resulting deviations arc thus both 
positive and negative so the average appears to be correct; however, if 
the errors on individual fuels are to be corrected, it is obviously ncoes- 


s^ to reduoe the t emperyur e of the laboratory to a value in 

line with muhicyiinder engines and to oocrea for the lower ranlticyliiider 
ratings by mnectiy same fKtori diat cane tboae r a tin g s to low. 
Mr. Bartholomew Im dem o nstra ted a pnaublc source of those erron and 
it seems logical that a fiiO understanding of duvn a necessary before 
further action should be taken. 

Caution Urged in Interpteting 
Results 

— A. J. Bladcwood 

Stmmitrd OH Doooltepmmu Co. 

E wish to throw out a tvord of caution regarding one of 
the ditcostioo and that is "to watch every step udien i n terptetiry 
volatility and oetue numhrr of the different fnd as rds^ to 

road behavior.” 

It would appear stnuge diat, at dus xdativdy late date, fad volatility 
and octane-number disadiution should any great importance not 

lutbenD apparent particularly in view of die reasonably g^ oooda- 
liom rxirtng b e tw een labonuory fuel ratings and road p <-rfr«-maivy 
Fuels which in the past have not given the expected road performance 
as predicted boa laboratory ratings have not as a rule, fu^ 
having unusual volatility or unusual octane-number distiibotion through¬ 
out the boiling range. 

Some work conducted at our laboratories along s om e w h at "wtilw lines 

•Sot Oil amd Gat J o mr m l . OoL 17. 1929, p, 32: “Antiknoek Tc«ii« and 
Perfonaanee.” by Earl BanbetoBcw. 

to the multicylindcr.work described in the paper has rK«r the 

qualitative distribittion factor may not be anywhere nr«r as important 
as we had previously anticipated. For example, individual exhs^-gas 
analyses were made on an tight-cylindcr engine when burning of 
reference fuels C-io smd A-4. For a range covering the 50-50 blend 
up through sinight C-io fuel, die air-fud ratio of any given individual 
cylinder remained romtant aldiougb the various cylinders differed wide¬ 
ly in tbemsdves. In other words, if say Mo. i cylinder received a 14:1 
mixture ratio and No. 7, a xi:x mixture ratio of the 50-50 bleod, the 
received die tame mixtiire ratios X4:x and xx:x with the stni^ C-xo. 
Keep in mind that these two reference fuds diffd widdy in volatility 
and antiknock value. 

Mow, coincident with the determination of muoure ratio, values for 
the apparent octane-number requirement of the indii^pal cylinders were 
determined. These data on the 8 individual cylind^ when plotted 
against the corre^onding air-fud ratio, gave a smoodi curve very closdy 
amilar to what .would have been ohrainrd if die octane-number require¬ 
ment of a tin^e<ylinder engine were determined for different mixture 
ratios. These data were alt obtained at full throttle at the speed of 
maximum knock. 

This result would indicate that there had been no appreciable devia^ 
tions due to qualitative distribution but rather that, the vaporized 
fud is distributed unevenly to the various cylinders, the liquid particle^ 
are distributed over die tame general pattern. 

Therefore, we urge that haste be made slowly when attempting to tie 
fud volatility in w^ road antiknock behavior. 




\ 
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THOMAS MTDGLET, JlEL, 07 DAYTON, OHIO, ASSIGNOB, BY MESNE ASSIGNMENTS TO 
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METHOD AND MEANS 70B USING MOTOB TXTELa ■ 

Applieatioii med Apm 15, 1922. Serial No. 553,270. 

To dU whom, it may concern: duced, the engine heats rapidly, the efficien- 50 

Be it known that I, Thomas Midgley, Jr., cy of the engine is reduced and, if the initial 
a citizen of the United States of America, pressure is very high, engine parts may be 
residing at Dayton, county of Montgomery, injured. The highest pressure at which a 
6 and State of Ohio, have invented certain mixture may be burned in a <^linder with- 
new and useful Improvements in Methods out producing a fuel knock varies with the 55 
and Means for Using Motor Fuels, of which different fuels and, to some extent, with the 
the following is a full, clear, and exact de- temperature, position of spark plugs and 
solution. other conditions within the engine. This 

10 Tniis invention relates to fuels, such, for pressure I term the “critical compression 
example as kerosene and gasoline, employed pressure” of the fuel. 50 

in the operation of internal-combustion en- The average critical compression pressure 
gines and to the art of burning the fuels in of kerosene is alwut 50 pounds, of the proper 
an enmne. The present tendency is to pro- grades of gasoline about 75 pounds and of 
15 duce lower^ades of gasoline in order to the better grades of gasoline about 

obtain a suflacient output for the increasing pounds. The latter grade of gasoline is 55 
demand for motor fuels and to reduce the produced in limited quantities and is not 
compressions of the engines so that these available universally to the consumer. Tie 
lower grades of fuel may be used without commoner grades of fuel, such as kerosene 
20 knocking. As the lowering of engine com- and ga^line, having critical compression 
pression reduces the efficiency of the engine, pressures below 75 pounds are used general- 70 
a still greater output of fuel is i*equired to ly, and in internal-combustion en^es for 
meet the increase in fuel required to operate house lighting systems, trucks, tractors, and 
larger and less efficient engines. Tie princi- automobiles are desired to operate on these 
2^^ pal objects of the present invention are to kinds of fuel. • 

overcome these difficulties and to provide a I have found that the critical compression 75 
means for using either low or high grades pressure of a fuel of the type mentioned 
of motor fuel more efficiently and so re- above is increased by incorporating there- 
duce the quantity of fuel used. with any one of a, large ^number of com- 

30 The present application is a continuation pounds containing metallic elements, i. e., 
in part of mv application Serial No. 464,- compounded metallic elements. $0 

985, filed April 27,1921. By way ‘ of example, I may use a fuel 

In the accompanying drawings: consisting by volume of % of one. percent 

Fig. 1 is a side view of an automobile hav- of tetra ethyl lead and 99%^ percent of gas- 
35 ing an engine embodying the present inven- pline having a normal “ critical conmression 
tion and showing the comparative sizes of pressure” of about 75 pounds.^ The tetra 85 
engines employed when using high ^d low ethyl lead dissolves in the gasoline forming 
engine compressions; and "" a fuel having a “critical compression pres- 

Fig. 2 is a longitudinal sectional view of sure ” of about 160 pounds. The presence 
40 an engine cylinder and shows the compara- of the lead-compound changes the gai^line 
tive ^es of combustion chambers employ^ from a low com]E)ression fuel to a h^her oo 
when using fuels having high and low criti- compression fuel, i. e., increases iite “critical 
cal coinpression pressures. compression pres^re.” This gasoline may be 

Kerosene, gasmine and the heavier hydro- used in an engine; having a compression 
45 carbons have the characteristic that, when a pressure of about^ 1^ poimds, with a 
combustible gaseous mixture containing one smaller fuel consumption for obtaining a 
of these fuels and air is burned in an inter- given amount of worir than is required^ to 
nal-combustion engine while subjected to a operate an engine having a compression 
relatively high pressure, a fuel knock is pro- pressure of 75 pounds on the untreated gas- 



oline. Experiments with automobiles have 
shown that if the engine compression is in¬ 
creased to 160 pounds, a treated fuel being 
used to run the cn^ne and the gear ratio 
# between the engine and the rear axle is re¬ 
duced, the mileage obtained from a gallon 
of gasoline is substantially twice that ob¬ 
tained when running the engine at 75 pounds 
compression on the untreated or low com- 
10 pression fuel. 

, ^ In the drawings, 10 is an automobile Jiav- 
ing wheels 11, axles 12, springs 13, and an 
engine 14 whose coim^ression pressure is 
about 160 pdunds. This engine may be 
lO-operated on the mixture of gasoline and tetra 
ethyl lead just described. At 15 is shown 
diagrammatically the comparative size of an 
engine operating on an engine compression 
of about 75 pounds and capable of deiiv- 
20 ering the same horse power as engine 14. It 
is apparent that by eniployi/ig engine 14 in¬ 
stead of engine 15, the size and weight of 
the wheels, axles and otlier parts of the 
automobile may be materially lightened, and 
25 that by lightening the weight of the machine 
as a whole a still smaller engine may be em¬ 
ployed to propel the vehicle. 

Fig. 2 illustrates a method of changing 
the compression of an engine to obtain those 
^ results, In this figure, 16 is an engine cylin¬ 
der and 17 the engine piston in its top d**ad 
center position in wdiich the gaseous mix¬ 
ture is compressed to about ICO pounds. The 
dotted line 18 indicates the top dead center 
35 position of a piston which compresses the 
gaies to about 75 pounds. A change f»-om 
a low compression engine to a high com¬ 
pression engine may made by substitut- 
'ing a piston whose length from the wrist 
40 pin 19 to the top of the piston is greater 
than in pistons in common use. This charge 
in the pistons increases the horse ix)wev of 
the engine. Experience has shown tiiat 
operation of an engine of the type illus- 
45 trated in solid lines in Fig. 2, "oh a low 
compression fuel such as common gasoline, 
gives excessive heating, violent knocking, 
and under continued-operation cracks the 
piston. 

60 For some commercial pui-poses it ;will 
probably be sufficient to use out one part 
of tetra'ethyl lead in 2000 parts of gasoline. 
This mixture may be used in a truck motor 
to avoid the knock generally produced when 
65 climbing hills at low speed with open throt¬ 
tle. Relatively small proportional quanti¬ 
ties of the lead compound are required to in¬ 
crease the critical compression pressure of 
“aviation” gasoline from 125 pounds to 
65 160 pounds or more. 

The fuel mixture or combination may also 
be varied by using other fuels as the fuel 
base or major constituent of the high com¬ 
pression fuel'and using other compounded 
65 metallic elements to increase critical com¬ 


pression pressure. Tlie fuels iised include 
gs^line and other hydrocarbon fuels con¬ 
taining hydrocarbons which may be obtained 
from an a^halt, naphthene paraffine base 
crude or mixtures thereof. 70 

Other lead compounds which have been 
used successfully are the phenyl compounds 
and other ulkyl compounds besides the terra 
ethyl lead. These include the ethyl, iso¬ 
propyl and methyl compounds. Methods of 75 
manufacturing -lead compounds are de¬ 
scribed on page 133 et. seq., vol. Ill of 
Watts’ Dictionary of Chemiki'y as revised 
by Morley and Muir and published by L(Cng- 
mans. Green and Co., London, England. 8® 

Other metallic compounds may be used to 
suppi-ess a knock in a motor. These include 
compounds of selenium, tellurium, tin, 
arsenic and antimony. The phenyl and alkyl 
compounds of these metals have been sue- 85 
cessfully used where the stable compounds 
are obtainable. The alkyl metal compounds 
usually have a greater knock suppressing 
value than the corresponding phenyl com¬ 
pounds. 85 

Dissolving a loiock suppressing substance 
. in a hydrocarbon fuel has been"^ found the 
most satisfactory method of changing the 
critical compression pressure of the fuel, 
and for this reason tne organic compounds 85 
have been employed to a greater extent than 
other compounds in suppressing knocks, 
however, I do not limit my invention to 
organic compounds nor to the oil soluble 
compound.^. . ^50 

Tlie value of metallic compounds in 
changing the critical comi)res.sion pressure 
depends,upon 1 he metal used, the composi¬ 
tion of the compound, its stability and vola¬ 
tility. Up to the point of complete vapor- 105 
ization the anti-knock value depends in part 
on the percentage of the compound vapor¬ 
ized under engine condtions. Where the 
nature of the compoimd changes before igni¬ 
tion of the fuel, combustion of the fxiel takes HO 
place in the presence of the new compound 
and the anti-knock value depends on the 
nature of the new compound instead of the 
compound added to the fuel. 

If a radical is attached to the metal in the H5 
compound in such a manner that the result¬ 
ing compound is oil soluble and volatile, a 
high anti-knock value for that metal is ob¬ 
tained. As the compound departs from 
these conditions cither in the kind of radi- 120 
cal employed or the number of radicals of a 
certain kind in the compound, the anti¬ 
knock value will generally be reduced. Ex¬ 
amples of compounds in which the anti¬ 
knock value, as based on these conditions, 125 
Ix^comcs neirligible are lead oleate and lead 
acetate. If, in the formula for tetra-ethyl 
lead. an. OH radical is substituted for an 
ethyl radical, the resulting compound (tri 
ethyl lead hydroxide) is less volatile and 135 
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less soluble in the fuel than th^tetra ethyl 
lead. The tri-ethyl lead hydroxKle is almost 
. as iM)'\verful a knock-suppresser as the tetra 
ethyl lead. 

5 The value of a compounded metallic ele¬ 
ment as a knock suppresser appears also to 
be a period function of the atomic number 
and, in general, with similar elements in¬ 
creases with increasinjr atomic weight. To 
10 illustrate this function, I take the ethyl com- 
lK)imds of the metals in the right hand 
column of the 4th, 5th, and 6th gioups, 
wherever stable ethyl compounds are obtain¬ 
able. As the ethyl compound of antimony 
15 is unstable in the air at room temperature, I 
employ the phenyl compound of antimony. 
These compounds increase in knock sup¬ 
pressing value in group 4 in the order tin, 
lead; in group 5 in the order arsenic, anti- 
20 mony; and in group 6 in the order selenium, 
tellurium. Taking group 4 as an example, 
1 % by volume of the ethyl compounds of the 
metals in gasoline or kerosene give the fol¬ 
lowing increases in critical compression 
25 pressure: tin, 15 pounds; lead at the rate of 
o40 pounds when employed in relatively 
small quantities. 

While I have mentioned more particularly 
the use of phenyl and alkyl compounds of 
30 certain metals for increasing the critical 
compression pressure of kerosene and gaso¬ 
line, my invention is not limited wholly to 
the use, of these compounds, nor to com¬ 
pounds of these metals, and the compounded 
35 metallic'elements may be employed with the 
heavier hydrocarbon or other fuels. 

Further, while the specific examples here¬ 
in given constitute preferred forms of em¬ 
bodiment of the invention, it is to be under¬ 
go stood that other forms might be adopted, 
without departing from the scope or the 
claims which follow. 

AMiat I claim is as follows: 

1. A fuel for intenial combustion engines 
■15 comprising a low compression motor fuel, 

and a volatile compound of a metal adapted 
to increase the critical compression pressure 
of the motor fuel. 

2. A fuel for internal combustion engines 
50 comprising a low compression motor fuel, 

and an oil soluble volatile compound of a 
metal adapted to increase the critical com¬ 
pression pressure of the motor fuel. 

3. A fuel for internal combustion engines 
55 comprising a low compression motor fuel, 

and a relatively small amount of compound 
consisting of a metal bound to a hydrocar- 
l)on radical. 

4. A fuel for internal combustion engines 
50 comprising a low compression motor fuel, 

and a relatively small amount of a volatile 
compound consisting of a metal bound to a 
hydrocarbon radical, 

5. A fuel for internal combustion engines 
comprising a low compression motor fuel, 


and a relativel}r small amoimt of oil soluble 
compound consisting of a metal bound to a 
hydrocarbon radical. 

6 . A fuel for internal combustion engines 
comprising a low oompi'ession motor fuel, 70 
and a relatively small amount of a volatile 
and oil soluble compound consisting of a 
metal bound to a hydrecarlx>n radical. 

7. A fuel for internal combu.stion -engines 
compiising a hydiocarbon motor fuel con- 75 
taining a relatively small proportion of an 
alkyl compound of a metal containing more 
than two alkyl groups. 

8 . A fuel for internal combustion engines 
comprising a hydrocarbon motor fuel con* 
taining a relatively small proportion of an 
oil soluble compound of a metal containing 
more than two alkyl groups. 

9. A fuel for internal combustion engines 
comprising a hydrocarlxm motor fuel con- 
taining a relatively small proportion of a 
volatile, compound of a metal containing 
more than two alkyl groups. 

10 . A fuel for internal combustion engines 
comprising a hydrocarlion motor fuel con- 
taining a relatively small proportion of a 
volatile and oil soluble compound of a metal 
containing more than two alkyl groups. 

11. A fuel for internal combustion engines 
comprising a hydrocarbon motor fuel con- 
taining a relatively small proportion of an 
alkyl compound of a metal containing more 
than three alkyl groups. 

12 . A fuel for internal combustion engines 
comprising a hydrocarbon motor fuel con- 
taining a relatively small proportion of an 
oil soluble comixiund of a metal containing 
more than three alkyl groups. 

13. A fuel for internal combustion engines 
com])rising a hydrocarbon motor fuel con- 
taining a relatively small j^roportion of a 
volatile compound of a metal containing 
more than three alkyl groups. 

14. A fuel for internal combustion engines 
comprising a hydrocarbon motor fuel con- 
taining a relativelv small proportion of a 
volatile and oil soluble compound of a metal 
containing more than three alkyl groups. 

15. A fuel for internal combustion engines 
comprising kerosene or gasoline; and a vola- 715 
tile alkyl compound of a metallic element 
homogeneously incorporated therein. 

16. A fuel for internal combustion engin^^ 

comprising a low’ compression motor fuel; 
and a volatile ethyl compound of a metallic ^20 
eVment homogeneously incorporated therein 
and adapted to be vaporized in an internal- 
combustion engine before combustion of the 
fuel therein. ^ 

17. A fuel for internal combiLstion enfdnes 725 
comprising a low* compression motor fuel; 
and an alkyl con\pound of a metal in the 
right hand column of a group betw’een the 
third and seventh groups of MendeleeFs 
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18. A fuel for internal combust ion en^jines 
comprising a lo^v compression motor fuel; 
and a volatile lead compound homogeneously 
incorporated ther^. 

. 19. A fuel for internal combustion engines 
comprising a low compression motor fuel; 
and amalkyl compound of lead. 

20. A fuel for internal combustion engines 


comprising kerosene or gasoline; and an 
ethyl compound of lead. lo 

21. A fuel for internal combustion en^nes 
comprising gasoline; and tetraethyl lead. 

In testimony whereof I hereto affix my sig¬ 
nature. 

0 

THOMAS MIDGLEY, Jr. 


Certificate of Correction. 

It is hereby certified that in letters Patent No. 1,573,846, granted Febrtiary 23, 
1926, upon the application of Thomas Midgley, Jr., of Dayton, Ohio, for an im- 
prov'ement in “Methods and Means for losing Motor Fuels,” an error appears in 
the printed specification rcqi’iirihg correction as follows: Page 1, line 62, for the 
word “ proj^r ” read 'poorer; jind that the said I^etters Patent should be read with 
this correction therein that the same may conform to the recoi-d of the case in the 
Patent Office. 

Signed and sealed this 22d day of June, A. D. 1926. 

[seal.] M. J. MOORE, 

Acting Cornmissioner of Fatents. 


Dec. 5, 1933. 
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LKADIZED QASOUNB 

Fraderidc W. SnOiTaii, Jr... Hammond, bd^, and 
Fred F. Diwoky, Chleago, OL, aadgncn to 
Standard Oil Cmnpany, Chleaco, BL, a otwpora- 
tlon of Bidiana 

APDlIeatlon Bfweh 21, 1922. Serial No. 9Hm 
12 Claims. (CL 204—31) 

Tbis invention relates to processes of preparing to cany out the decomposition within a body of 
hydrocarbon compounds of lead and it comprises liquid hydrocarbon. 

a process wherein a hydrocarbon, for example Referring more particularly to Fig. 1 a reaction 
hexane, is dissociated by the action of an electric vessri 1 contains a body of liquid hsrdrocarbons, 

5 spark to liberate free alkyl radicals such as such as hexane or heptane. Above the liquid 60 
methyl, ethyl, propyl or higher alkyl radicals, level of the hydrocarbon, shown at 3, we provide 
and these reaction products are caused to com- lead electrodes 4. The lead electrodes pass 
bine with lead whereby lead alkyl compounds through the jddes of the vess^ 1 throu^ Insu- 
are formed. lating bu^iings 5. The dectrodes are cozmected 

10 Hydrocarbon compounds of lead, such as tetra to a source of high voltage alternating current 65 
ethyl lead, have been known for a number of by current conductors 6. A heating coil 14 is 
srears and are, at the present time, used in great provided in neceiver 1 to facilitate vaporization 
quantities as anti-knock substances in motor of the hydrocarbon thargin- At the top of the 
fuels. In general, these lead alkyl compounds reaction vessel there is provided an outlet con- 
15 are prepared by reacting an alkyl chloride or dult 7 for reaction products. Conduit 7 leads to 70 
bromide with a lead alloy such as an alloy of condenser 8 terminating in a receiver 9. A 
sodium and lead. There are a number of other vacuum pump, not shown, is connected to the 
ways of making lead alkyl compoimds all of which receiver 9 by conduit 10 and condensed reaction 
in general require the use of an alkyl chloride products may be withdrawn from the receiver 9 
20 and an expensive metal such as sodliun or mag- through valved outlet 11. Cooling coils 12 are 75 
nesium or alloy thereof. advantageously provided to maintain the con- 

We have now found that hydrocarbon com- tents of receiver 9 below a volatillring tempos 
potmds of lead can be prepared directly from ture. 

metallic lead and hydrocarbons; we find that it In the operation of the device shown in Figure 
25 is possible to dissociated hydrocarbons by means 1 . a hydrocart>on, which may be either liquid or 80 
of an electric spark whereby free alkyl radicals gas. and which yields free alkyl radicals on riec- 
are formed and that these free radicals will com- trothermal dissociation, is maintained in the 
bine with lead. reaction vessel 1. The syston is preferably main¬ 

our process is characterized by providing a high tained under a reduced pressure, for example 1 
30 tension electric arc of the order of 25,000 volts, to 5 millimeters of mercury absolute although 85 
between lead electrodes and maintained either in higher pressures can be used. Uhder these condi- 
a body of liquid hydrocarbon or in a body of hy- tions. a certain amount of liquid hydrocarbon 
drocarbon vapors, the hydrocarbon being one wffl volatilize into the vapor space above the 
which, when subjected to the action of the arc, liquid levd. Upon the institution of an arc be- 
35 dissociates to give free~alkyl radicals. Thus, im- tween the lead electrodes, as by the application 00 
der the conditions of our invention, such disso- of a high tension current at about 25,000 volts 
ciation of the hydrocarbons occurs in the region thereto, volatilized hydrocarbon in the vapor 
of the arc and in contact with metallic lead, space above the liquid level is dissociated. At the 
either in fine particle form or as a lead **tc^*\ same time a fog or “mist" of lead particles is 
40 as will be more fully explained. These condl-' generated from the lead electrodes. The hydro- 95 
tions, we find, are therefore appropriate to the carbon dissociation products contain free alkyl . 
immediate formation of significant quantities of radicals which immediately unite with the lead 
alkyl compounds of lead by reaction of the lead fog to form volatile lead-al^l compounds, '^ese 
with the free alkyl radicals. The lead compounds volatile lead-alkyl compounds together with un- 
45 l^us obtained can be recovered either in a pure dissociated hydrocarbon vwors pass upwardly 100 
£tote or in solution in the hydiocarbon liquid in into conduit 7, omdense in condenser 8 , and 
which they are formed. collect in receiver 9. It is sometimes desirable 

On the appended single sheet of drawings we although not essential, to provide receiver 9 with 
have indicate two advantageous ways of carrying cooling means, such as refrigerator coUs 12 , in 
50 out our process. In Figure 1, we have diagram- order to keep the lead compounds in the liquid 105 
matically shown suitable apparatus for carrying state under the low pressure conditions employed, 
out our process when the decomposition occurs in These lead compounds are very volatile sub- 
vaporized hydrocarbon material. In Figure 2 stances. 

we have shown an advantageous form of ap- Since the lead alkyl compoimds are formed at 
55 paratus for use in our process when it is desired the expense of the lead electrodes, the latter HO 


contributing to the lead fog described above, we 
advance the dectrodes dtiring the course of the 
reaction so that the arcing distance between 
th^ remains approximately the same. As a 
5 rule, the arc is about 1 to 20 millimeters long. 
That is to say, ..the ends of the electrodes are 
spaced apart about 1 to 20 millimeters. We 
maintain this distance throughout the reaction 
by advancing the electrodes to compensate for 
10 loss of lead from their arcing surfaces. This may 
be done in any convenient manner. 

When using relatively high boiling hydro¬ 
carbon liquids such as hexane or heptane, it is 
sometimes advantageous to raise the temperature 
15 of the hydrocarbon liquid slightly to increase the 
vapor pressure of the liquid. This is easily done 
by passing a heating fluid through heating coil 
14 within the reaction vessel. Likewise, if the 
heat of the arc causes too much volatization, a 
20 cooling fluid can be passed through coil 14 to 
restrain vaporization. The reaction product, 
which cozii^^ mainly of hydrocarbon' com¬ 
pounds of lead, volatilized and condensed undis¬ 
sociated hydrocarbons, and uncondensible reac- 
26 tion products such as ^drogen. is cooled in con- 
dmser 8 to a temperature which insures the 
condensation of the lead-alkyl compounds as 
well as the undiSsociated hydrocarbon liquid. 
The imcondensible gases, such as hydrogen, pass 
80 out of the sjrstem through outlet 10 . 

The reaction products collected in receiver 9 
consist very largely of lead-alkyl compounds dis¬ 
solved in the condensed hydrocarbon fliiid. 
'When we wish to impart anti-knock qualities to 
86 a gasoline, we advantageously add to the gasoline 
the desired quantity of lead-alkyl compounds in 
solution in the hydrocarbon liquid as obtained in 
receiver 10. This obviates the necessity for re¬ 
covering the lead compounds in a substantially 
40 pure state from the hydrocarbon liquid. The 
lead compounds can be recovered, however, in 
wasrs well known, for example by fractional dis¬ 
tillation. 

Our invention also provides a very convenient 
45 method of incorporating soluble lead compounds 
in gasoline itself. When we wish to do this we 
use gasoline as the hydrocarbon liquid in reaction 
vessel 1 and obtain a reaction product in receiver 
9 consisting of condensed imdecomposed gasoline 
50 in which the lead alkyl compounds are dissolved. 

When using liquid hydrocarbons in the appa¬ 
ratus shown in Figure 1, the yield of lead-hydro¬ 
carbon compounds is a significant, though vari¬ 
able, quantity, depending, of course, upon such 
55 factors as the capacity of the apparatus, the rate 
of vaporization of the hydrocarbon liquid, the 
cross-sectional area of the lead electrodes and 
hence the amount Of lead fog generated, the pres¬ 
sure in the system, and the particular hydro- 
60 carbon liquid chosen. 

The product obtained in receiver 9 can be 
fractionally distilled to obtain the lead com- 
poxmds in a substantially pure state and. when 
this is done, we advantageously recycle tmdis- 
65 sociated hydrocarbon. In this manner we are 
able to convert the larger portion of the original 
quantity of hydrocarbon material to lead com¬ 
pounds. 

Cooler 12. in receiver 9 should be operated at 
70 such a temperature that no lead compounds 
collected in the receiver volatilize under the pres¬ 
sure conditions employed. 'When the pressure 
in the system is about 5 millimeters, the cooler 
should be at about —10” C. 

'When we wish to obtain a product consisting 


substantially of lead compounds free of unde- 
comix>sed hydrocarbon material, we find it more 
advantageous to use normally gaseous hydrocar¬ 
bons as the source of alkyl radicals. In this mod¬ 
ification. we introduce gaseous hydrocarbons 80 
such as methane, ethane, propane or butane into 
the reaction vessel 1 tl^ugh valved inlet 13. 
Since these substances are gaseous, the sirstem 
need not be imder reduced pressure and cooling 
coil 12 is unnecessary. Product obtained in re- 85 
ceiver 9 consists substantially of lead-hydrocar¬ 
bon compounds, and imdissociated gaseous hy¬ 
drocarbons leaving the receiver through outlet 
10 can be recycled back to vessel 1. Hydrogen 
constitutes one of the reaction products obtained 90 
in the electrothermal dissociation and in the 
event that the hydrogen in the recycled hydro¬ 
carbon gases becomes too great, portions of the 
recycled gas can be vented to the atmosphere. 

In Fig. 2, the reaction vessel 1 is provided 95 
with a valved inlet 13. lead electrodes 4. insulating 
bushings 5. and a reflux condenser 16. The re¬ 
action vessel is also provided with valved out¬ 
let 17 and a gas conducting pipe 18 which ter¬ 
minates at a point immediately beneath the ad- lOO 
jacent ends of the electrodes. A body of hydro¬ 
carbon liquid 2 is maintained in the reaction 
vessel in such a manner that the liquid level 3. 
of the hydrocarbon is above the electrodes. 

High tension current leads' 6 are provided as 105 
in Fig. 1. 

In the operation of the device shown in Fig. 

2 a body of hydrocarbon liquid, for example, 
hexane or pentane, is maintained in reaction 
vessel 1 and an electric arc established between no 
adjacent ends of electrodes 4. To assist in the 
initial establishment of the arc, we provide pipe 
18 for the admission of a suitable gas such as 
hydrogen or ethylene. The hydrogen or ethylene, 
admitted to the space between the arcing sur- 115 
faces of the electrodes, temporarily decreases the 
resistance to the passage of current across the 
arcing space which would otherwise exist due 
to the hydrocarbon liquid. The bubbles of hy¬ 
drogen or ethylene thus ensd)le the arc to start. 120 
After the arc has been established the flow of 
hydzx^en or ethylene may be terminated and 
the arc will continue to function. 

As soon as the arc is established, a certain 
amount of colloidal lead is formed in the body 125 
of hydrocarbon liquid as well as quantities of 
lead vapor. This is advantageous. The arc, 
when once established, dissociates the hydrocar¬ 
bon liquid between the arcing surfaces with the 
liberation of free alkyl radicals. These combine 130 
at once with the lead in colloidal solution in the 
liquid or with the lead vapor from the electrodes. 

We also provide means to advance the electrodes 
so as to keep the arcing distance constant as the 
electrodes wear away. 135 

The lead alkyl compounds formed remain dis¬ 
solved in the bo^ of hydrocarbon liquid and 
after a sufficient amount of lead is consumed 
we withdraw the reaction products through out¬ 
let 17. A reflux condenser 16 is provided to 
return hydrocarbon liquid which might be vol¬ 
atilized due to the heat of the arc. 

As in the process described in connection with 
Fig. 1. we use a high tension current at about 
25,000 volts or more. In the alternative method 
Just described it is unnecessary to operate under 
a high vacuum. The process xxray be conducted 
under ordinary atmospheric pressure. 

'When carrying out otur process in accordance 
with the showing in Fig. 2, all that is necessary 







is to maintain the arc within a body of hydro¬ 
carbon liquid. It need not be heated. 

In our inventkm we can use any hydrocarbon 
liquid or gas, including the dtefln hydrocarbons 
6 such as ethylene or propylene, so long as the 
hydrocarbon is one which can be dissociated by 
an electric spark to liberate free alkyl radicals. 

Having thus described our invention, what we 
claim is: 

10 1. The process of preparing hydrocarbon com¬ 

pounds of lead which comprises rfltablishlng a 
high tension arc within a body of hydrocarb(m 
materlsa of the type shielding free all^l radicals 
on dissociation, immediate contacting the hy- 
16 drooBurbon dissociation products thus formed with 
metallic lead whereby the fr^ alkyl radicals in 
said products combine with the lead to form hy¬ 
drocarbon compotmds lead, and immediately 
removing the lattor from the z<me of the arc. 

20 2. The process of preparing hydrocarbon com- 

poimds of lead which cmnprises establishing a 
high tension arc within a body of hydrocarbon 
gas of the t 3 npe yielding free alkyl radicals on 
dissociation, immediate contacting the hydro- 
26 carbon dissociation products with metallic lead 
whereby the free al^l radicals in said luroducts 
combine with the lead to form hydrocarbon 
compounds of lead, and immediately removing 
the latter from the zone of the arc. 

80 3. The process of preparing hydrocarbon com¬ 

pounds of lead which comprises establishing a 
high tension arc within a body of a liquid hydro¬ 
carbon of the type yielding free alkyl radicals on 
dissociation, immediate contacting the hydro- 
36 carbon dissociation products with metallic lead 
whereby the free alkyl radicals in said products 
cmnbtne with the lead to form hydrocarb<»i com- 
jx>unds of lead, and withdrawing the resulting 
s(dution of lead-hydrocarbon compounds from 
40 the zone of the arc after the desired quantity 
of such compounds has been formed. 

4. The process of preparing hydrocarbon com¬ 
pounds of lead which comprises establishing a 
high tension arc between lead electrodes within 

46 a body of a hydrocarbon of the tsrpe which yields 
free al^l radicals on dissociation thereby com¬ 
bining the free alkyl radicals thus formed with 
metallic lead and immediately removing the lead- 
hydrocarbon compoimds from the zone of the 
60 arc. 

5. The process of preparing hydrocarbon com¬ 
pounds of lead which comprises establishing a 
high tension arc between lead electrodes within 
a body of hydrocarbon gas of the type yielding 

56 free alkyl radicals on dissociation thereby com¬ 
bining the free alkyl radicals thus formed with 
metallic lead and immediately r^oving the lead- 
hydrocarbon compounds from the zone of the arc. 

6. The process of preparing hydrocarbon com- 
60 pounds of lead which comprises establishing a 

high tension arc between lead electrodes immersed 
in a body of a liquid hydrocarbon of the type 
yidding free alkyl radicals on dissociation, there¬ 
by combining the free alkyl radicals thus formed 
65 with metallic lead and withdrawing the resulting 
solution of lead-hydrocarb(Hi compounds from 
the zone of the arc after the desired quantity of 
such compounds has been formed. 

70 


7. The process of i»eparing a hsrdrocarbon 
liquid containing organic compounds of lead dis- | 
solved therein vhich comprises dissociating a 
vaporized hy<lrocarbon ly a high tension arc in 
the presence of metallic lead, the hydrocarbon be- 80 
ing one which yields free alkyl radicals on such 
dissociation, whereby hydrocarbon c(Mnpounds of 
lead are formed, and then condensing the reaction 
products. 

8 . The process of preparing a hydrocarbon 85 
liquid containing organic compounds of lead dis¬ 
solved therein which comprises dissociating a 
hydrocarbon gas by a hi^ tension arc in the 
presence of metallic lead, the hydrocarbon being 
one which ylidds free allorl radicals on such dis- 90 
sociation whereby hydrocarbon compouzuis of 
lead are formed, and then condensing the reac¬ 
tion products. 

9. The process of preparing a hydrocarbon 
liquid containing organic compounds of lead dis- 95 
solved therein which comprises maintaining a 
body of a liquid hydrocarbon, and establishing a 
high tension arc therein in the presence of metal¬ 
lic lead to dissociate a portion of said hydrocar¬ 
bon to form free alkyl radicals, whereby hydro- 100 
carbon compounds of lead are formed and dis¬ 
solve in the main body of hydrocarbon liquid, 
the hydrocai’bon being one which yitids free 
alkyl radicals on such dissociation and withdraw¬ 
ing the resulting hydrocarbon solution of lead-105 
hydrocarbon (compounds from the zone of the arc 
after the desired quantity of such compounds has 
been formed. 

10. The process of preparing a hydrocarbon 
liquid containing organic compounds of lead dis- HO 
solved therein which comprises dissociating a 
vaporized hydrocarbon by a high tension arc 
maintained between lead electrodes, the hydro¬ 
carbon being one which sddds free alkyl radicals 

on such dissociation, whereby hydrocarbon com- 115 
pounds of lead are formed, and then condensing 
the reaction products. 

11 . The process of preparing a hydrocarbon 
liquid containing organic compounds of lead dis¬ 
solved thereini which c(»uprises dissociating a by- 120 
drocarbon gas by a high tension arc maintained 
betwe^ lead electrodes, the hydrocarbon being 
one which srields free alkyl radicals on such dis¬ 
sociation whereby organic compotmds of lead are 
formed, and then ctmdens^ the reaction 125 
products. 

12. The process of preparing a hydrocarbon 
liquid containing organic compounds of lead dis¬ 
solved therein which comprises maintaining a 
body of a liquid hydrocarbon and establishing a 130 
high tension lire therein between lead electrodes 

to dissociate a portion of said hydrocarbon to 
form free alkyl radicals, whereby hydrocarbon 
compounds of lead are formed and dissolved in the 
main body of liydrocarbon liquid, the hydrocarbon 135 
being one which srields free alkyl radicals on such 
dissociation, and withdrawing the resulting hy¬ 
drocarbon solution of lead-hydrocarbon com¬ 
pounds from the zone of the arc after the desired 
quantity of such compounds has been formed. 

FREDERICK W. SULLIVAN. Ja. 

FRED P. DIWOKY. 
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This Invention relates to processes of preparing Advantageously in my process, and in the in¬ 
gasoline containing hydrocarbon compoimds of terest of economy, I make use of the products of 
lead and it comprises processes wherein gasoline electrolyzing fused sodium chloride in the pres- 
is chlorinated with chlorine resulting from the ence of metallJc lead. The electrolysis of fused 
5 electrolysis of fused sodium chloride in the pres- salt, to make ca,ustic soda is well known smd is go 
ence of lead and the chlorinated gasoline reacted employed commercii^. Ordinarily, in the oper- 
with lead-sodium alloy obtained in said electrol- ation of such electrolsrtic cells, chlorine is evolved 
3^sis. at the anode and sodium plates out on a molten 

Tetra ethyl lead is a common ingredient in lead cathode. The sodium immediately allo3rs 
2Q gasoline at the present time and is added to im- with the lead. When it is desired to caus- es 
part anti-detonating qualities to the gasoline, tic soda the lead-sodium alloy is then reacted 
This “anti-knock" substance is customarily pre- with water. In my process, however. I simply 
pared by reacting ethyl chloride with a lead- withdraw the sodiiim-lead alloy and react it with 
sodium alloy. Its manufacture involves great chlorinated hydrocarbons resulting from the 
industrial hazard and th^ product is expensive, chlorination of the gasoline by means of chlorine 70 
The tetra-ethyl lead, made in the manner Just evolved from the same cell. Any unreacted lead- 
described, is then incorporated in gasoline in sodium alloy is ultimately returned to the elec- 
certain definite proportions. trolytic cell. Thus, my process produces a gaso- 

It is an object of the present invention to im- line containing anti-knock substances derived 
20 anti-detonating qualities to gasoline without from sodium chloride, metallic lead, electrical 75. 
the necessity of preparing tetra-ethyl lead or eneigy. and the gasoline itself. Since at no time 
highly concentrated lead compounds. My in- do I have present quantities of pure or highly 
vention has for its object the formation of hy- concentrated hi'drocarbon compounds of lead, 
drocarbon compounds of lead within the body of I have greatly n^uced the industrial hazards in 
25 gasoline, in other words, in situ, so that I can this art. 3 q 

dispense with the necessity for transporting tetra- On the appended single sheet of drawings I 

etbyl lead and with the handling of this very have indicated in somewhat diagrammatic form 
poisonous material. a tsrpical apparatus set-up which I find advan- 

I have now found that gasoline can be chlo- tageous for use in my process. 

3Q rinated to such an extent that significant quanti- Referring to the drawing, a chlorination vessel 55 
ties of hydrocarbon chlorides are formed therein 1 is supplied with a chlorine inlet 2 which tenni- 
and that such hydrocarbon chlorides, while dis- nates in a plurality of distribution orifices within 
solved in the gasoline, will react with metallic the vessel. Gasoline to be chlorinated enters the 
lead, advantageously in the form of a lead-sodium vessel by way of pipe 3 and provision for the 
25 alloy, to give me satisfactory quantities of hydro- introduction of ethane, propane, butane, or im- 90 
carbon compounds of lead. Both operations are satmated hydrocarbons such as ethylene and 
thus conducted in a large volume of gasoline and propylene is mac^e at pipe 4 . The chlorinated 
the hazards attendant the use of tetra-ethyl lead, products together with gasoline leave vessel 1 by 
or strong solutions thereof are avoided. More- way of pipe 5 ahd enter reaction vessel 14 as 
4Q over, my process is less expensive and anti-det- shown. j 95 

•onating characteristics can be given the gasoline An electrolytic cell 6 is provided with anodes 7 
at less cost. It is not necessary that the pure to which the positive terminal 8 of the electric 
substance, tetra-ethyl lead, be formed. So long circuit is connected. These anodes may suitably 
as soluble hydrocarbon compounds of lead are be made of graphite. Pipe 9 serves for the in- 
^ formed within the body of the gasoline, as in my troduction of fusled sodium chloride and lead, joo 
process, satisfactory anti-detonating properties A body of moltenj lead 6a, serving as a cathode, 
are conferred on the gasoline. However, if de- lies along the bottom of the cell and the negative 
sired, lead-hydrocarbon compounds having hy- terminal 11 of th^ source of current is conven- 
drocarbon radicals of the order of ethyl and iently attached to metallic condmt 10 which con- 
50 propyl can be formed in the body of gasoline by duit also permits the withdrawal of lead-sodium io5 
dissolving therein, prior to chlorination, suit- alloy from the botjtom of the cell, 
able quantities of ethane, propane, and butane. During electrolysis of the fused sodium chlo- 
or imsaturated hydrocarbons having a like num- ride, chlorine is evolved at the top of the cell and 
ber of carbon atoms such as, for example, ethyl- leaves by way of cjonduit 2 to enter chlorination 
ene. vessel 1 . Sodiumi plates out on the body of no 
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molten lead cathode, alloys therewith, and the 
sodium-lead aJQoy is pumped through pipe 10, 
pump 12 and pipe 13 to the top of reaction vessel 
14. As stated, chlorination products dissolved in 
gasoline flowing from vessel 1 are conducted to 
reaction ves^ 14 by pump 5 and pipe 5a. A by¬ 
pass 15, pump 16, vaporizer 17, and pipe 18 serve 
to by-pass a part of the chlorination product to 
the top of vessel 14 in close proximity to the out¬ 
let of pipe 13. Ihis is to provide means to 
atomize the lead-sodium alloy so that it is finely 
divided before mixing with the chlorination prod¬ 
uct in reaction vessel 14. The by-passed g aso l in e 
containing chlorinated hydrocaihons is pumiied 
under pressure by pump 16 and vaporized to some 
extent in vaporizer 17 so that when it meets 
mcdten alloy flowing through pipe 13 the alloy, 
is atomized into fine particles. 

The atomized particles of all(^ drop through 
the body of cUorlnated products in the reaction 
vess^ Since the molten alloy is at a high tem¬ 
perature, consideratde heat is given up to the 
body of gasoline 4nd chlorinated products and, 
in graeral, the temperature of the mixture under¬ 
going reaction in vessel 14 is 300* to 600* F. 
Within reaction vess^ 14, the chlorinated com¬ 
pounds are converted to hsrdrocarbon compounds 
of lead which are soluble in the gasoline present 
and the solution is withdrawn through valved pipe 
19 and cooled by cooler 20. If dtisired. part of 
the cooled product may be recycled through the 
line 21 and pump 21a back to the reaction vessel 
14 to control the temperature of the reaction. 

Unreacted lead-sodium alloy collects at the 
bottom of the vessel 14. This excess alloy is con¬ 
veniently withdrawn from time to time through 
outlet 22 provided with '^ve 23 and conducted 
to a separator 24. The separator is provided 
with a screw conveyor 27 to remove spent alloy 
and other separating reaction products. This 
arrangement is for the purpose of recovering any 
liquid products which flow out with the i>articles 
of lead alloy and such liquid products are with¬ 
drawn by way of pipe 26 and united with liquid 
product flowing out of the vessel by way of line 19. 
The conveyor 27 is caused to rotate so as to with¬ 
draw the lead alloy from separator 24 and con¬ 
duct it to a fusion vessel 29 by way of pipe 28. 
Fusion vessel 29 is disposed within a furnace 30 
advantageously heated by oil burners 31. 
Sodium chloride to 1?e fused is fed into the fusion 
vessel through inlet 34. I advantageously mix 
some potassium chloride with the sodium chlo¬ 
ride in order to reduce the temperature necessary 
to fuse the sodium chloride. Sodiiun chloride 
melts at 772* C. but the addition of potassium 
chloride reduces this somewhat. As stated, ex¬ 
cess lead alloy is also conducted to the fusion 
vessel 29. Should this be contaminated to any 
extent with gasoline containing lead compounds, 
most of which, however, flows from vessel 14 by 
way of pipe 19,1 provide an outlet 32 and con¬ 
denser 33 to recover such desired reaction prod¬ 
ucts by driving them off from the lead alloy 
xmdergoing fusion in vessel 29. 

The mixture of lead alloy and fused sodium 
chloride is transferred from vessel 29 through 
pipe 35 and pump 36 to the cell inlet 9 and in 
this manner any imcmrsiuned lead alloy can be 
easily recovered for re-use. The vessels may 
conveniently be arranged for gravity flow from 
vessel 29 to cell 6. 

With the apparatus shown the process can be 
condxicted continuously by allowing small 
amounts of tmconsumed lead alloy to flow from 


the bottom of reaction vessel 14 into separator 24. 
and thence to fusion vessel 29. 

In the operation of the apparatus illustrated, 
the electrolsrtic ceil 6 is charged with fused so¬ 
dium chloride advantageous^ mixed with some ^ 
potassium chloride for the purpose stated above, 
and a layer of molten lead provided on the bot¬ 
tom of the ceU. The cell is then operated in the 
usual way for preparing caustic soda. Gener¬ 
ally the direct current is very hi g h , usually about 
8300 to 8500 amperes with a current density of ^ 
2800 amperes per square foot at the anode. Nor¬ 
mally the voltage is about 6.5 volts and the out¬ 
put of a cell about 3 feet x 6 feet having 4 an¬ 
odes with an effective surface of about 3 square „ 
feet in all is roughly 495 pounds of chlorine per ^ 
24 hours. Advantageously I provide a number of 
such cells feeding the chlorine to a chlorine thuIti 
which in turn supplies a plurality, of chlorina¬ 
tion vessels. The electrolytic cell as stated, is _ 
initially provided with a molten lead cathode ^ 
which, as the electrohrsis proceeds, is converted 
to lead-sodium alloy. Portions of the alloy are 
withdrawn from time to to provide reagent 
in reaction vessel 14 and. as described, excess alloy 
is returned to the cell. As lead is consumed in 
the reaction forming lead compounds, further 
quantities of metallic lead can be added to the 
fusion vessel to make up for that consumed. 

Virgin gasoline can be used in my process and 
introduced into the chlorination vessel 1 but I 
And it more advantageous to chlorinate a 
cracked gasoline. The amount of gasoline flow¬ 
ing intermittently or continuously to the chlorin¬ 
ation vessel will of course depend upon the 
amount of chlorine available in any unit of 
time. Generally I obtain a chlorine absorption 
of approximately .05 percent of the weight of the 
gasoline. Some hydrochloric acid gas may be 
evolved and this can be vented to the atmosphere 
by means of vent 25 shown at the top of the chlo- 
rination vessel. 

It is usually unnecessary to add hydrocarbons 
such as ethylene and this is especially true when 
cracked gasoline is used. However. I find it 
advantageous some times, depending upon the 
character of the hydrocarbons in the gasoline, to 
introduce quantities of normally gaseous ali¬ 
phatic hydi^arbons by way of pipe 4. If the 
character of gasoline being treated is such that 
it is difScult to convert .small i}ortions of it rap- 
idly to hydrocarbon chlorides, the introduction 
of ethylene or propylene may be resorted to and 
I can ^us prepare lower aliphatic chlorides with¬ 
in the bo^ of gasoline. Generally speaking, 
quantities of material and size of apparatus 
should be so proportioned that the final product 
obtained from pipe 26 contains about 0.2 to 0.4 
percent of hydrocarbon compounds of lead. 

This will vary with the nature of the hydrocarr 
bon compounds, some of them being more effec- 
tive anti-detonating agents than others, but. 
chlorination should proceed to such an extent 
that subsequent conversion of chlorinated prod¬ 
ucts by reaction with the lead alloy will be suffi¬ 
cient to give me a gasoline containing approxi- 
mately 0.2 to' 0.4 percent of dissolved hydrocar¬ 
bon compounds of lead. However, higher con¬ 
centrations of lead compounds may be obtained 
and the product may be used as blending stock. 
Thus a stock containing 4% of lead as lead com- 
poimds may be diluted with about 10 volumes of 
untreated gasoline to give a satisfactory anti¬ 
knock fuel. The extent of chlorination governs 
the amount of lead compounds ultimately formed 
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Since the reaction with lead ahoy is practically 
quantitative. 

Lead alloy leaving the electrolytic cdl is at a 
high temperature. Pure lead melts at about 
5 620** P. If the lead contains 13 parts of sodium 
alloyed therewith the mating point of the alloy 
is about 624* F. I And it desirable to so regu¬ 
late the electrolysis of the /used salt that the 
lead alloy contains from 5 to 15% of sodium. 
10 Such an alloy will leave the cell at a temperature 
at least high enough to mdt the alloy (about 625* 
F.) and generally considerably higher since the 
fused salt is at a temperature of about 770* C. 
or somewhat less if potassium chloride is mixed 
15 therewith. When the molten alloy meets ^e 
volatized chlorination products by-passed 
through pipe 15. the alloy may be chilled some¬ 
what and. at the same time, quickly atomized 
so that alloy falling into the body of chlorina- 
20 tion products in vessel 14 is in a finely divided 
condition. This of course is desirable since it 
promotes reaction. Sometimes the lead alloy, 
after being atomized, remains molten. In 
event, the atomized liquid mixes with the body 
25 of liquid hydrocarbon in the reaction vessel as 
a finely divided temporary suspension. How¬ 
ever. as it settles down through the body of 1 :^- 
drocarbon, it solidifies in small particle form. 

The heat derived from the hot lead alloy is usu- 
3G ally sufficient to heat up the contents of the re¬ 
action vessel to reaction temperature, advanta¬ 
geously about 300* to 600* F. Further quantities 
of heat are also imparted to the contents of the 
vessel by the vaporizer 17. The reaction ves«l 
35 should be large enough to give adequate time of 
contact between the particles of lead alloy and the 
liquid therein before the alloy collects at the bot¬ 
tom of the vessel. 

The best temperatures to be maintained within 
40 the reaction vessel depend upon the composition 
of the alloy. When the content of sodium therein 
is low, in the neighborhood of 2 or 3%, somewhat 
higher temperatures, 600* F. or more, are neces¬ 
sary and, when the sodium content is high, about 
45 15%, lower temperatures around 300* F., are sat¬ 
isfactory. However, if the sodium content of the 
alloy is too high the current efficiency of the cell 
will be low. I therefore so regulate the action 
of the cell that I obtain an alloy containing from 
50 5 to 15 percent of sodium. This gives me satis¬ 
factory current efficiency in the cell and also suffi¬ 
cient sodium in the idloy to obtain satisfactory re¬ 
action temperatures and reaction rates within the 
reaction vessel 14. An alloy containing 5 to 15 
5 .'t percent of sodlmn will react satisfactorily at any 
temperature within the range of 300* F. to 600* F. 

Should the sodium content of the alloy be be¬ 
low 5 percent, and thus require a reaction temper¬ 
ature of over 600* F. in the reaction vessel. I can 
CS supplement the heat derived from the molten 
alloy by by-passing and vaporizing more chlorina¬ 
tion products through pipe 15. Sometimes it is 
desirable to operate at reaction temperatures such 
that the lead alloy retains its molten state 
on throughout the reaction. This of course requires 
that the alloy shall not be chilled bdow solidify¬ 
ing temperature during the atomizing stage and I 
accordhigly by-pass and vaporize more chlorina¬ 
tion products when this is desired. In such case 
70 the molten alloy which has not been consumed 
collects in the bottom of the reaction vessel and is 
nm off through outlet 22. Such molten alloy con¬ 
tains practically no liquid reaction products and 
I can therefore dispense with the separator and 
75 conveyor arrangement, and conduct the molten 


alloy directly to the fusion vessel for re co veiy 
and re-use. 

Since the reaction vessels maintained at a high 
temperature, in excess of the boiling point of the 
hydrocarbon fluids therein, it is necessary that 80 
the whole system be kept under pressure sufllcient 
to maintain the hydrocarbon fluids in the liqu id 
condition. This pressure varies with the temper¬ 
ature and may be about 300-600 pounds per 
squareinch. ' 85 

It win of course be obvious that other arrange¬ 
ments of apparatus can be employed togetherwith 
numerous details to facUitate the bAnriiing of the 
materials. I therefore do not wish to be bound 
by the specific form of apparatus iUustrated. go 

The gasoline product obtained in my process 
contains 0.2 and 0.5 percent or more of dissolved 
hydrocarbon compoimds of lead the hydrocarbon 
radicals of which have been directly derived from 
the gasoline itself. This product is hi^ily anti- 95 
detonating and is superior to gasoline made by the 
addition of antiknock substances. Although I am 
not prepared to state the exact nature of the lead- 
hsrdrocarbon compounds in my gasoline I believe 
that they are more complex in chemical structure jog 
than the simple alkyl compounds and their hy¬ 
drocarbon radicals contain in general at least 4 
carbon atoms. They are probably mixtures of 
lead derivatives: of various isomeric liquid hydro¬ 
carbons having from 4 to 7 carbon atoms. 205 

Although as stated^bove, conversion of chlorin¬ 
ated hdrocarboos to i&ad'compounds appesurs to 
be substantialh^ quantitative, small amounts of 
chlorinated hydrocarbons may be left in the final 
product and assist in the smtidetonating action 210 
of the les^ when the fuel is burned in the en¬ 
gine. The qusuLtity of lead compounds'fbrmed in 
the operation Is determined by the extent of 
chlorination. I may discard part or at times, all 
of the chlorine through valved line 2a, to control 215 
the extent of chlorination. For this resison I have 
not specifically claimed any psuHcular propor¬ 
tional composition of gs^line smd lead hydro¬ 
carbon compounds. 

I also find that my gasoline product is practi- j20 
cally sulfur free because of the fact that such 
sulfur compounds as may be present in the gaso¬ 
line are taken out by the lead alloy. Thus the 
alloy not only converts chlorinated hydrocarbons 
to lead compoimds but also desulphurizes the gas- 225 
oline. This is particularly advantageous since the 
raw gasoline entering the system need not be 
highly desulfurized. I find that in my process 
where the chlorinated hydrocarbons are dispersed 
in a large volume of gasoline, they may be con- 230 
verted into lead derivatives at higher tempera¬ 
tures without decomposition of the resulting de¬ 
rivatives. 

Having thus described my invention, what is 
claimed is: 236 

1. The process of preparing gasoline containing, 
lead compounds which comprises electrolyzing 
fused sodium chloride in the presence of lead to 
form chlorine and a lead-sodium alloy, reacting 
the chlorine witbi gasoline to form chlorinated hy- 240 
drocarbons therein, and treating the gasoline con¬ 
taining the chlorinated hydrocarbons with the 
lead-sodium alloy to convert the chlorinated hy¬ 
drocarbons to hydrocarbon compounds of lead. 

2. The process of preparing gasoline containing 245 
lead compounds which comprises electrolsrzing 
fused sodium chloride in the presence of lead to 
form (Corine and a lead-sodium alloy, reacting 
the chlorine with gasoline icontaining dissolved, 
normally gaseous, hydrocarbons to form chlorin- 250 
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16 


20 


25 


•ted Ii 3 rdrocaif)oa 8 fherefzi, and treotlxig tbe gaso^ 
line cootainli^ the dJorinated h ydrcxiaifao^ 
the lead-eodliimallosr to cosavert the dJorinated 
hydrocaii)oxi8 to hydxocaxboa compooxids of lead. 

3. The laoceas of preparing gasoline containing 
lead dompocmds which comprises electrolyzing 
fused sodium chloride in the presence of lead to 
form chlorine and a lead-sodium ano7» reacting 
the chlorine with gasoline to fmm cblwinated 
hydrocarbons therein, treating the gasoline con¬ 
taining the chlorinated hydrocarbons with the 
lead-sodium alloy to ccmvert the chlorinated hy¬ 
drocarbons to hydrocarbon compounds of lead, 
separating the gasoline containing the hydrocar¬ 
bon compounds of lead from unreacted lead-sodi¬ 
um alloy, and uniting the latter with further 
<iuantities of fused sodium chloride to be electro-. 
lyzed. 

4. The process of preparing gasoline containing 
lead compounds which comprises electrolyzing 
fused sodiiun chloride in the presence of lead to 
form chlorine and a lead-sodium alloy, reacting 


the dilofine with gasoHne coatafpfng dissolved, 
nonnaily gaseous, aUphatle hydrocarbons to form 
chlorinated hydrocarbons therein, treating the 
gasoline containing the chlorinated hydrocarbons 
with the lead-sodium alloy to convort the chlorin¬ 
ated hsrdrocarbons to hydxtxi^tzbon compounds 
of lead, separating the gasoline containing the 
hydrocarbon compounds of lead from unreacted 
lead-sodium aUoy, and uniting the latter with fUrr 
ther quantities of fused sodium chloride to be 
electr^yzed. 

5. The process of'preparing cracked gasoline 
containing lead compounds which comprises 
chlorinating the gasoline with chlorine, derived 
from the dectrolysis of fused soctiiun chloride in 
the presence of leady to form chlorinated hydro¬ 
carbons and treating the chlorinated hydrocar- 
bcms with the leadrtodiiun alloy resulting from 
such electrolysis to form hydrocarbon compounds 
of lead. 

VAMDERVEER VOORHEES. 


8D 


86 


90 


06 


SO 


100 


108 


85 


110 


40 


45 


50 


55 


00 


C5 



70 


16 


116 



Patented Aug. 27f 1935 


2,012356 

1 


UNITED STATES PATENT OFFICE 

2,012356 

METALLO OBGANO DERIVATIVES 

S<d Slutpiririo, Washington, D. C. 

No Drawing. An^oation November 18, 1932, 

Solal No. 643303 


11 Claims. 

This invention relates to metallo organic com¬ 
pounds and to processes of mating the same, and 
particularly to products especially adapted for in¬ 
ternal c(»nbxistion engines containing such metallo 
5 organic substances. This application is a con¬ 
tinuation in part of application, Serial No. 111.866, 
filed May 26, 1 ^, entitled “Process of makihg 
metallo organic compounds compositions con¬ 
taining the same”. 

10 Recently there has been a marked development 
in special fuels best known perhaps in connection 
with the introduction of such compounds as lead 
tetra ethyl into low compression fuels. Other 
analogous or related metallo compounds have also 
16 been suggested. However, these metallo organic 
compounds have usually been made by more or 
less classic and long known processes with but 
slight modification. Hie preparation of these 
compounds by such processes on commercial scale 
20 for industrial use have given rise to great diffi¬ 
culties in connection with the handling of the in¬ 
gredients utilized and more particularly the prod¬ 
ucts sought. Such compounds as lead tetra ethyl 
have a highly poisonous character and even in 
26 very small amounts cause untold suffering and 
ultimately death in the case of workers who have 
come into contact with it during manufacture. 
Such happenings have been largely responsible for 
the agitation recently against both the sale and 
30 manufacture of these compounds and fuds con¬ 
taining them. 

Among the objects and advantages of the 
present invention is the preparation ot sudi me¬ 
tallo organic compounds by processes which ellmi- 
36 nate to a Jarge extent many of the hazardous 
elements of such manufacture, and enable the 
materials to be^handled without danger, and in 
fact avoid many of the steps that have heretofore 
been found to be necessary in their preparation. 
40 ’Basically this invention Involves the treatment 
of oils of hydrocarbon character or their deriva¬ 
tives so that they are converted into compounds, 
in Part, or to a limited extent, which upon further 
treatment are readily converted Into metallo or-- 
ganic derivatives. It is thus seen that the metallo 
organic derivatives are prepared directly in the 
fud or analogous material, and preferably from 
constituents of the fud or analogous material it- 
sdf. without the addition of extraneous hydro¬ 
carbon sources. But this invention is not limited 
to such operation, since there may be added to the 
gasoline or other material treated, extraneous sub¬ 
stances dther for the purpose of forming the 
metallo organic substances within the fud. or as a 
partial source for such metallo organic substances. 
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some of the latter also being derived from the 
fud or analogous material. 

As the source of hydrocarbon material that may 
be used there may be mentioned gasolines pro¬ 
duced by various processes and other hydrocarbon g 
products that have fud value. Such gasolines 
may be those ^m straight distillation processes, 
from cracking pnxsesses dther in the presence or 
absence of air, finm natural gas, etc. It is de¬ 
sirable to have present some of the lower mem- lo 
bers of the paraffin series, and consequently gaso¬ 
line containli^ such lower paraflina such as 
ethane, propane, and butane are particalarly de¬ 
sirable for treatment in this process. Further 
gasolines containing aromatics are also highly de- jg 
sirable since these are readily converted into the 
desired metallo organic compounds referred to in 
more detail bdow. Further, gasolines and* re¬ 
lated materials tikat have bera produced during 
cracking or analogous heat and pressure treat- 20 
ment in the presence of air are highly advan¬ 
tageous, and more particularly when in such proc¬ 
esses the gasolines produced contain even a small 
amoimt of oxygen containing substances, such as 
the ethers, since such oxygen containing sub- 25 
stances often act catalytically in the processes of 
converting some of the described Intermediate 
substances into metallo organic compounds. 

.When certain desired low members of the par¬ 
affin series are not present in the gasoline or other go 
znaterlal to be trea.ted. they may be added to the 
same; and of course similar considerations apply 
to any other constituents that may be desired in 
the final products. However, instead of convert¬ 
ing the constituents of the gasoline or analogous gg 
material directly into the intermediate that is to 
be converted into the metallo compounds, there 
may be added to the gasoline or similar material, 
a substance which win be converted into the me- 
taUo compound desired, the gasoline remaining gg 
substantially as it \ns before the conversion and 
the metallo compunds being derived solely from 
the added substances. Any combination of these 
steps may be utiliziMl depending on the products 
desired. gg 

Among the metals and non-metals that may 
be introduced into gasoline by the processes here¬ 
in set forth there josay be mentioned lead. tin. 
silicon, antimony, arsenic, phosphmrus. mercury, 
thallium, etc. In describing the processes illus- gg 
trsdions will be given lowing the application to 
the Introductloa of lead into the gasolines, but 
this is done merely as illustrative of what may 
be accomplished by the invention, since deriva¬ 
tives of the stated and other metals and non- 66 
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*7 3 metals may be Ttadlly prepared by strictly aztal- 
• ^ ogons processes. Lead c<»npoT 2 nds are. however, 
those generally in nse the illustrsticms are 
accordln^br drawn with this In Bat it 

6 will be obvious that various changes may be 
m ade in disclosore by those skilled in the art 
without departing from the scope and spirit of 
this invention. 

PrinuuUy this invention is concerned with the 
10 preparation of the desired metallo organic c(Hn> 
pound in the fuel or analogous material, so that 
the metallo organic compound does not have to 
be separately hsmdled. The fuel may be present 
in a more limited quantity so that a concen- 
15 trated metallo organic containing product is ob> 
tained which may be obtained by distilling off 
the hydrocarbon products, or which may subse¬ 
quently be diluted with more fuel or gasoline or 
rels^ted substance to the concentration desired. 
20 Or the metallo organic substance or substances 
may be prepared in the gasoline or analogous 
material in a very dilute condition so that fur¬ 
ther dilution is unnecessary, and the special fuel 
is directly produced without more. 

25 xn many of the reactions of making metallo 
organic derivatives, the presence of catalysts 
have been foimd to be highly desirable. Such 
catalysts usable herein are particularly referred 
to as Grignard catalysts since the catalysts gen- 
30 erally used for catalyzing the Grignard reactions 
may be used herein. As such catalysts there may 
be mentioned primary, secondary, tertiary amines 
and their alkyl addition products, such amines 
being aliphatic, aromatic or heterocyclic derlva- 
55 tives. Examples are aniline, dimethylaniline, 
carbazol, phenyl hydrazine, quinoline, etc. Other 
catahrsts .that may be used are ether, ammonia, 
esters, ethers in general, etc., etc. Some of these 
compounds may exist in the gasoline or other 
40 material imdergoing treatment, so that the addi¬ 
tion of such catalysts is not specifically neces¬ 
sary. On the other hand the catalysts may be 
added to the gas(dine or analogous material, and 
when they are sp added they may be selected 
45 from the named or other substances with regard 
to their value in fuel compositions. Some of 
the simpler ethers, and amines particularly of 
the aromatic series may be thus chosen. 

As pointed out above, the process herein dls- 
so closed involves two essential steps, namely, first 
the treatment of the gasoline or analogous ma¬ 
terial to render it capable of being converted in 
part into metallo organic compounds, or the 
addition to the gasoline or analogous substance, 
55 of compounds that may be readily converted into 
such metallic derivatives, and second the forma¬ 
tion of the metallo compounds therefrom. The 
metallic derivatives which it is desired to pro¬ 
duce are the alkyls and aryls, such as lead tetra 
60 ethyl and antimony phenyl, and related sub¬ 
stances. But it will be imderstood that when 
the term metallic alkyl or aryl is used, it is m- 
tended to cover the non-metallic compounds such 
as those of phosphorus and other non-metals, 
65 which form analogous compounds of similar 
properties by parallel processes. 

As exemplifying one method of applying this 
invention, the following is given. Gasoline is 
given a slight treatment with halogenation agents 
70 in order to halogenate a portion thereof to intro¬ 
duce, say 10% of halogen. The halogens used 
are preferably chlorine or bromine, and the usual 
processes of carrying out such halogenation are 
used. The presence of water is desirably avoided 
75 by using dry materials. The process is preferably 


caziled out so that mainly monobiJbgen' deriva- * 
Uves are formed. It is unnecessary to halogenate 
but a small portion of the gasoline since the xe!> 
mainder wiU act as a solvent for the halogen 
derivatives formed both in this step and in subse- 6 
quent operations. However, as explained above, 
the gasc^e or analogous material may be rather 
completely halogenated to the mono derivatives 
and either then diluted, or first converted into 
the metallo derivatives and subsequently diluted. 10 
In the latter event a concentrate (ff the metallo 
derivatives will be obtained, or the metallo de¬ 
rivatives obtained without any diluting sub¬ 
stances present. 

As stated the halogenation should be carried ^5 
out to give a maximum of mono halogen deriva¬ 
tives and a minimum of higher derivatives. 
Where the latter are present in undesirable 
amount, they may be first separated before pro¬ 
ceeding to the formation of the metidlo deriva- 
tives, as by distillation. Among the halogenation 
processes available and well known in the art for 
producing the halogenation of the gasoline or re¬ 
lated material in accordance with the present 
disclosure, reference may be made to the X7. S. ^ 
patents to Brooks, 1,191,916; Blanc, 1,248,065; 
and Sparre, 1,379,367, which patents disclose 
methods that may be employed for halogenating 
gasoline. The procedures of these patents or 
other patents well known in the art, and wdl ^ 
known methods of the art for producing halo¬ 
genated products and particularly from gasoline 
and related mjaterial may be employed. 

Instead of proceeding in this way, the desired 
amount of a halogen derivative may introduced ^ 

into the gasoline. For example, ethyl chloride, 
methyl chloride, propyl bromide, etc. may be 
added to the gasoline or analogous material in the 
desired proportion to 2 ddd the requisite amount 
of metallo derivatives in subsequent operations. 40 

It should be noted that in the final fuels con¬ 
taining such metallo derivatives, they need be 
present in but small amount on^. for example 
less than one percent, and even less than one- 
quarter of one percent. Consequently whether 45 
the halogen derivatives are formed in the gasoline 
or analogous material directly by halogenation 
processes, or whether desired halogen compoxmds 
are added thereto, they need be present in but 
small quantities if desired, for example in such 50 
quantities as will yield the requisite proportions 
of metallo compounds by further reaction desired 
in the final fuel. But it is found to be preferable 
to produce the halogen content above that finally 
desired, convert such halogen content into the 55 
metallo derivatives, either partially or completely, 
and having thus produced a concentrated metallo 
content in the fuel composition, dilute this when 
desired to the final composition sought. 

Further, as indicated above, it is well to Choose 60 
gasolines or analogous material that contain a 
substantial proportion of the lower paraffins, or 
to enrich the gasolines with such lower paraffins 
or their derivatives, in order to form a preponder- 
ant amoimt of the lower metallo alkyls, nfis is ^ 
well taken care of in view of the fact that in most 
of the reactions used for forming the metallo de¬ 
rivatives, the lower paralllns react much more 
readily than do the higher ones, so that it is pos- -q 
sible to control the reaction and produce more of 
the lower metal alkyls, than of the higher ones. 
Instead of enriching a gasoline with lower par- 
afllns, it may be enriched with aromatics such as 
benzene, toluene, xylene, etc. when these are not 75 
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present, and if they are desired, in order to form 
the metal aryls in the loeL 

Having thus produced a halogen derivative con* 
tent in the gasoline or analogous material of 
5 desired amount, the solution preferably without 
water jiresent, is subjected to any well known 
process for converting the halogen derivatives 
into metal compounds, such conversion 
place directly in the fuel itself, any excess of the 
10 latter not halogenated forming a solvent. When 
desired, some additional fuel may be added as 
solvent, or extraneous solvents may be added both 
for their solvent purposes and also for action as 
catalysts. 

Two methods particularly may be used at this 
point for a conversion of the halogen derivatives 
into metal compounds. The halogen compounds 
may be converted into their corresponding magne* 
slum compounds (Orignard reagents) and then 
^ reacted with heavy metals, their alloys, or com¬ 
pounds such as salts, in order to form the metal 
derivatives; or the halogen derivatives may be 
treated with metallic substances, their alloys, or 
compounds to form the desired metal derivatives 
^ in the fuel. These reactions are preferably car¬ 
ried out in the presence of catalysts and some¬ 
times in the presence of reducing agents in 
order to eliminate certain side reactions or by¬ 
products, and desirably the presence of water in 
30 substantial amount is avoided. Several examples 
will be given, it being understood that these are 
merely for purposes of illustration, and are not 
limiting in any way, since the invention is capable 
application in a wide variety of ways. 

35 halogen derivatives contained in the fuel 

substance is subjected to the action of magnesium 
desirably in the form of wire or band. Such mag¬ 
nesium may be either immersed in the fuel mix¬ 
ture. or the latter may be circulated through a 
40 bed of magnesium until the halogen content of 
the fuel substance has been converted into the 
magnesinm compound in accordance with the fol¬ 
lowing equation: 

RCl+Mg=RMgCl 

RBr+Mg=RMgBr 

where R stands for either an alkyl or an aryl 
nuUcle. In caziTing out the conversion of the 
halogenated material into the metal Orignard 
50 reagent, it is not necessary to convert all of the 
halogen compounds into magnesium compounds, 
but any desired proportion of the halogen deriv¬ 
atives may be allowed to remain therein within 
the limits aousht. since in the special fuds con- 
55 taiwing such compounds as lead tetraethyl it is 
dedrable to have present halides, such as the 
ddorides and bromides, in the flnal'tud as ft is 
consumed in the internal combustion engine for 
example in order to prevent the deposition of 
60 lead in the engine. Consequently the process can 
be so carried out that considerable quantities as 
desired of the halides remain in the fuel. Or 
when making metallo organic concentrates as de¬ 
scribed above, a considerable portion or all of 
^ the fud renudning unconverted into the metal 
derivatives, may be in the form of halides which 
can then be diluted with more fud to obtain the 
final product ready for use. 

Among the methods which may be empltqred 
for producing the desired metallo organic deri¬ 
vatives, specific reference may be made to the 
process abstracted and referred to in 
Abrtract, voL V, at page 2839, and particularly 
75 the method therein disclosed for producing these 


metallo organic combinations in the presence of 1 
such organic material as ligroln, benzene, etc. * 

The Orignard type of reagents having been 
prepared as set forth above, it is then treated to.^ 
form the desired metallo cmnpound by reaction. 6 
with desired heavy metal or non-metal com¬ 
pounds. For example, in the preparation of 
lead tetraethyl the alkyl or aryl mAgnpsium 
halides contained in the fuel mixture, may be re¬ 
acted with a lead salt such as the chloride to form 10 
the corre^nding lead compounds. One equa¬ 
tion illustrating the reactions that take place in 
such processes is the following: 

PbCb+4C2HsMgBr= 

l*b(C3Hs)«+MgBr2+2MgBrCl+Mg 

Or again the following will Illustrate the reaction: 

2 PbCl2+4C3HsHgBr= 

Pb+Pb<C 3 H 5 ) 4 + 2 MgCa f2MgBra go 

These equations are merely given to illustrate 
several reactions that may take place and being 
theoretical onls^ are not intended to be limiting. 
Other metals yield corresponding compounds as 
well of the alks ls as of the aryls. 25 

In view of the fact that the lower paraffins 
more readily form the metal alkyls, the reaction 
can be controlled so that more of the lower metal 
alkyls are present than are the bighpr alkyls; 
and a similar control can be exercised in the halo- 30 
genation reactions to limit the halogen deriva¬ 
tives formed largely if not entirely to the lower 
parafBns; or similarly this result may be reached 
by the addition of halides to the desired gasoline 
or fuel, using the lower alkyl-halides only. 35 

Other metal salts or compounds may be used 
to obtain similar reactions and the production 
of corresponding metal organic derivatives in 
the fuels. And anal(^us reactions may be pro¬ 
duced with non-metal compounds. As pointed ^ 
out above, catalysts are desirably used in most of 
these reactions, and as such the catalysts may be 
added compoim<ls, particularly those that have a 
value in the final fuel cozxiposition. or merely 
advents such as ether which also exert a catalytic ^ 
influence. Whea as frequently happens, some of ^ 
the byproducts are insoluble in the fuel, thi^ may 
merely be filtered out. But if desired, they may 
be washed out with water or other washing solu- 
tlozis. 

In st e ad of making the magnesium derivatives 
from the halides;, the later may be used directly 
without forming the magneisium derivatives in 
the presence of magnesium, ether or other appro¬ 
priate solvents and cataly^ The intermediate ^ 
step of forming the magnesium is thus elimi¬ 
nated. Further in . place of using magnesium, 
zinc may be used to form intermediate com- 
poimds which may be used in an analogous man- 

60 

And stin further, the methods of reacting the 
halides with lead, lead alloys, or lead compounds 
may also be used, without forming tnagnp^iiim or 
correqxmding derivatives at alL For examine, 
the fuels containing the halides may be treated r- 
with lead or lead alloy (sodium alloy contalnhig 
from about 6 to 20 percent of sodium) in the 
presence of reducing agents and catalysts. In 
these reactions the temperatures are generally 
maintained between 20 and 36" c. iinip«g pres- -q 
sure is employed in which case the higher tern- * 
peratures may be used. When not using pres¬ 
sure. the upper limit of temperature is largely 
C(mtr011ed by the boiling points of the fuel in¬ 
gredients. And the reaction products are often 75 
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washed with strong alkali to Improve thft yldds 
of the desired metal alkyls. When lead or other 
metals, or their aOoys are used, these are pref¬ 
erably used In a more or less fln^ divided con- 
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oretical molecnlariy equivalent proportions In ae- 


S dltion to Increase the surface contact. The re¬ 
duction reaction may be effected due to the reac¬ 
tion of the sodiinn in the alloy for example, with 
a small amount of watmr added to the materials 
undergoing treatment.' But reduction may be 
10 carried out in any other desirable way. 

Depending to a large extent on the amoimt of 
halides present xmdergoing reaction in such com¬ 
positions, the temperature control will vary. If 
large quantities of the halides are present, the 
15 temperature may rise so that cooling is necessary 
to keep it within the prescribed limits. But where 
the amount of halides is small in comparison with 
the solvent or fuel elements present, heating 
may be required to a limited extent to raise the 
20 temperature. 

m any reactions where the halides or the mag- 
nesimn or similar Grignard reagents are used, 
and contacted with metals, their alloys or salts 
or other compounds, Instead of adding the metals 
25 etc. to the fuel containing the halides, the fuel, 
etc. may be circulated through a chamber con¬ 
taining the metals, alloys or etc. imtil the desired 
degree of reactioni has been obtained. 

While a numberi of metal derivatives may thus 
80 be Introduced into the fuel by being made directly 
therein, if desired after the production of one 
metallo organic compound, it may be converted 
either partially or wholly into other metallo com¬ 
pounds. And furthermore, if desired, instead of 
85 converting the Grignard Intermediates produced 
as set forth above, or added to the fuel—^for 
example, the Grignard reagents might be pre¬ 
pared in the usizal manner and then added to the 
gasoline or other fuel—^the latter may be con- 
^ verted into other derivatives than the metallo 
^ derivatives. The Grignards are wdl known as 
excellent intermediates for the synthesis of a 
number of organic compounds. So that they may 
be used as set forth herein to form a large num- 
^ ber of organic compoimds that have value in 
* fuels. POr example, by appropriate treatments 
they may be converted into alcohols, phenols, 
aldehydes, ketones, etc., and these reactions may 
be utilized so that a portion of the Grignard' 
^ reagents are converted into the metallo deriva¬ 
tives and a portion into other organic compounds. 

And further, many of the products may be 
made in the fuel from the halides fatiring crude 

hydrocarbon materials that must be subjected to 
» distillation or other treatment, or treatments, in 
^ order to obtain moior fuels from them, by adding 
the requisite materials to them to form the me¬ 
tallo compounds, or converting a portion of such 
crude materials into compoimds t^t will form 
metallo derivatives, and then carrying out the 
distillation or other treatment, so that a. gasoline 
or analogous material or fudl is obtained con¬ 
taining the metallo organic compounds that have 
been formed during the distillation or other treat- 
65 ment, which may or may not have been carried 
out under pressure. 

Whenever desired, any material to be treated 
in accordance with the hereinabove set forth dis¬ 
closure, may be dried if desired or necessary in 
70 order to remove any excess moisture that might 
be present and might interfere with the progress 
of the particular reactions sought in the produc¬ 
tion of specific compounds. 

In caxiTlng out the processes set forth herein, 
75 the reacting ingredients may be used in their the- 


cordance with the equations for the reactions at' 
iUustratedhereinabove.oranexcessof any of the i 

stated ingredients as compared with the mate- ^ 
rial with which it reacts may be employed. Thus. * 
when the halogoiatetTgasoline is reacted with the | 

magnesium, the materials may be present in 
equlvalentmolecular amounts, but preferably the’ | 

halogen derivative is used in excess. So too, when 
the Grignard reagent is formed, the material with 
which it is reacted is desirably used in slight | 
excess. 

Ordinarily as a result of this process,- a com¬ 
plex mixture of ors»nic derivatives of a stated 
metal, or metalloid is obtain^, the derivatives, 
however, usually containing a number of closely 
related derivatives. Thus in a given instance, in 
making lead tetraethyl, there will also be present 
lead derivatives of other alkyls. And usually there ^ 
is no necessity for isolating individual com- • 
pounds, since these complex mixtures of such de¬ 
rivatives are desiraUy luresent in motor fuds for 
example, since they modify the action of each 
other having solvent action on each other, and 
hydrocarbons and their derivatives to yield ho- ^ 
mogeneity. smoother explosion curves, etc. 

The metallo derivatives may be recovered as 
such by evaporation of hydrocarbons etc. from 
the reaction--mixtures, or in any other desired 
way; or they may be diluted as with fuel ingredi- ^ 
ents for direct use. 

While lead tetraethyl has been specifically re¬ 
ferred to, antiknock metallo organo derivatives 
other than (and when desired to the exclusion of) 
lead tetraethyl, may be produced. ^ 

Having thus set forth my invention, I claim: 

l« The method of making metallo organo de¬ 
rivatives which comiulses treating gasoline to 
produce halogenated aliphatics therein convert¬ 
ible into metallo organo derivatives, and reacting 40 
such halogenated aliphatics under conditions to 
produce metallo organo derivatives with a metallic 
component to produce metallo organo derivatives 
the metallic component containing a metal of the 
anti-knock type, whereby the metallo organo de- 45 
rivatives possess anti-knock properties. 

. 2. The method of making metallo organo de¬ 
rivatives which comprises treating a hydrocarbon 
oil with chlorine to form chlorides dissolved in the 
hydrocarbon oil. reacting such chlorides with 50 
magnesium to form Grignard bodies within 
the hydrocarbon oil. and then treating said Grig¬ 
nard bodies with a lead salt to form lead deriva¬ 
tives of the hydrocarbons. 

3. A product containing a complex mixture of 55 
metallo organo derivatives the organic radicals of 
which correspond with the organic radicals of a 
group of hydrocarbons of a hydrocarbon oil. 

4. A product containing a complex mlxtijre of 
organic lead derivatives the organic radicals of 50 
which correspond with the organic radicals of 

a group of hydrocarbons of a gasoline. 

5. A proce^ of making anti-knock compounds 
which comprises halogenatlng petroleum hydro¬ 
carbons, and reacting such halogenated petro- 65 
leum hydrocarbons with metallic reactants under 
conditions to form a mixture of anti-knock com¬ 
pounds of the metallo organic type, the metallic 
reactants containing a metal of the anti-knock 
type, whereby the metallo organo derivatives pos- 
sess anti-knock properties. 

6. A process of making anti-knock compounds 
which comprises metallizing a complex mixture of 
petroleum hydrocarbons containing halogen de¬ 
rivatives by reacting said mixture with metallic 
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eomsKnients to fonn metal containing antl-kno6k 
■ compounds from constituents of said mixture. 

7. ‘Xtie method of mating metallo organo de- 
' ilvatives which comprises treating a hydrocarbon 
5 oil with a halogen to form halides dissolved in the 
hydrocarbon oil, reacting such halides with mag¬ 
nesium to form Qrignard bodies within the hy¬ 
drocarbon oil, and then treating said Grlgnard 
bodies with a heavy metal compound to form 
10 heavy metal derivatives of the hydrocarbon the 
heavy metal compound containing a metal of the 
anti-knock tsrpe whereby the heavy metal deriva¬ 
tives of the hydrocarbon yield anti-knock prop¬ 
erties. 

15 8. The method of making metallo organo de¬ 

rivatives which comprises treating a hydrocarbon 
oil with chlorine to form chlorides dissolved in 
the hydrocarbon oil, and reacting su^ chlorides 
with lead alkali metal alloy to form lead derlva- 
20 tives of the lurdrocarbons. 

9. The process of iireparing gasoline contain¬ 


ing lead compounds whidi compriaes reacting 
chlorine with gasoline to form chlorinated hydro¬ 
carbons therein, and treating the con¬ 

taining the chlorinated hydroMzbons with lead 
sodium alloy to <»nvert the chlorinated hydrocar- § 
bons to hydrocarbon compounds of lead. 

10. The process of preparing gascdine contain¬ 
ing lead compounds which comprises reacting 
chlorine with gasoline containing dissolved, nor¬ 
mally gaseous, hydrocarbons to form chlorinated lo 
hydrocarbons tlierein. and treating the gasoline 
containing the chlorinated hydrocarbons' with 
lead sodium alloy to convert the chlorinated hy^ 
drocarbons to hydrocarbon confounds of lead. 

11. The process of preparing craCked gasoline 15 

containing lead i»>mpounds which comprises chlo¬ 
rinating the gasoline with chlorine, to fonn chlo¬ 
rinated hydrocarbons, azid treatiiv the chlori¬ 
nated hydrocarbons with lead sodium aUoy to 
form hydrocarbon compounds of lead. 20 
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ADDITIONAL PAPERS DESIGNATED. 

Filed Dec 22 1943 
The United States of America, ss: 

The President of the United States of America 
(Seal) 

To the Honorable the Justices of the District Court of the 
United States for the District of Columbia, 

Greeting: 

Whereas, lately in the District Court of the United States 
for the District of Columbia, before you or some of you, in 
a cause between Ethyl Gasoline Corporation plaintiff, and 
Conway P. Coe, and/or’his Successor in Office, Commis¬ 
sioner of Patents, defendant. Civil Action No. 9986, wherein 
the judgment of the said District Court entered in said cause 
on the 27th day of October, 1942, is in the following words, 
viz; 

This cause having come on to be heard and having been 
tried in open court and argued by counsel for the respective 
parties upon the pleadings and proofs adduced and sub¬ 
mitted to the Court, 

It is ADJUDGED this 27th day of October, 1942, that the 
complaint in this case be, and the same hereby is dismissed 
with costs against the plaintiff. MATTHEW F. Mc- 
GUIRE, Justicef as by the inspection of the 

319 transcript of the record of the said District 
Court, which was brought into the United 

States Court of Appeals for the District of Colum¬ 
bia by virtue of an appeal, agreeably to the act of Congress 
in such case made and provided, fully and at large appears; 
(Seal) 

320 And Whereas in the term of October—, in the year 
of our Lord one thousand nine hundred and forty- 
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three,—, the said cause came on to be heard before the said 
Court of Appeals on the said transcript of record, and was 
argued by counsel: 

(Seal) 

' On consideration whereof, It is now here ordered and— 
adjudged—^by this court that the judgment—of the said Dis¬ 
trict Court appealed from in this cause be, and the same is 
hereby, reversed, and that this cause be, and it is hereby, re¬ 
manded to the said District Court for further proceedings 
in conformity with the opinion of this Court. 

December 6, 1943. 

321 You, Therefore, Are Hereby Commanded that 
such—^further proceedings be had in said cause in 

conformity with the—opinion and judgment of this Court 
as according to right and justice and the laws of the United 
States ought to be had, the said appeal notwithstanding. 

Witness the Honorable Harlan F. Stone, Chief Justice of 
the United States, the twenty-second—day of December—, 
in the year of our Lord one thousand nine hundred and 
forty-three. 

JOSEPH W. STEWART, 

' Clerk of the United States Court of 

Appeals for the District of Columbia, 

• «■•••••••• 

322 Filed Feb 14 1944 

Memorandum For The Clerk 

Apart from the fact, as to whether or not the defendant 
based his claim “almost, if not entirely upon the proposi¬ 
tion that the applicant had disclaimed his claims by reason 
of his failure to make the suggested claim’’—^this court hav¬ 
ing heard the case de novo on its merits fully and at length 
and prescinding now entirely from the suggested claim 
and the action of the Patent Office with respect thereto but 
having reference only to the cited patents is of the opinion 


179 


that there is no invention, and so finds. This is as I view 
it what the Court of Appeals meant by its direction “the 
case will be remanded for findings and determination on the 
merits The cited patents—Sullivan, et al; Voorhees, 
Shappirio and Midgley are all antecedent to the plaintijff’s 
application. 

Prepare findings of fact and conclusions of law consonant 
with this opinion. 

MATTHEW F. McGUIRE, 
Associate Justice, 

February 14,1944 

323 Filed Mar 29 1944 

Findings of Fact Made Pursuani to Mandate of the United 
States Court of Appeals for the District of Columbia. 

1. This is an action under Section 4915 R. S. (U. S. C., 
title 35, sec. 63) in which plaintiff, the assignee of the patent 
application of Earl Bartholomew, Serial No. 99,497, seeks 
a judgment which would authorize defendant, the Commis¬ 
sioner of Patents, to issue a patent including claims 1 to 
12, inclusive, 15 and 16 of said application. 

2. The application was filed in the Patent Office on Sep¬ 
tember 4, 1936, and relates to method and means for im¬ 
proving engine operation and involves the use in the fuel 
of mixtures of some or all of the following lead alkyls, lead 
tetra-methyl, lead tri-methyl ethyl, lead di-methyl di-ethyl, 
lead methyl tri-ethyl, and lead tetra-ethyl. 

3. Claims 1, 2, 3 and 4 of the application recite a m.ethod 
of operating an internal combustion engine. Claim 1 reads 

as follows: 

324 1. The method of operating an internal combus¬ 
tion engine which comprises forming a combustible 

mixture of a motor fuel and air, compressing the mixture 
to a compression pressure greater than the critical com¬ 
pression pressure of the motor fuel and burning the mixture 
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together with a primary antiknock agent comprising a mix¬ 
ture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and 
lead tri-ethyl-methyl.' 

4. Claims 5 to 12, inclusive, of the application, recite a 
product comprising a motor fuel containing the anti-knock 
lead alkyl compounds. Claims 5 and 12 read as follows: 

5. A product comprising a motor fuel and an anti-knock 
material having as its primary anti-knock component a mix¬ 
ture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and 
lead tri-ethyl-methyl. 

12. A product comprising a mixture of a motor fuel, a 
primary antiknock agent consisting of lead tri-methyl- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl; 
and lead tetramethyl and lead tetraethyl present in rela¬ 
tively small concentrations. 

5. Claims 15 and 16 of the application recite an anti¬ 
knock composition comprising the lead alkyl compounds. 
Claim 15 reads as follows: 

15. A fuel anti-knock composition comprising a mixture 
of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead 
tri-ethyl-methyl and lead tetra-methyl in a concentration 
not exceeding fifteen percent. 

6. Claim 1 of the application specifies: 

• • • a primary antiknock agent comprising a mixture 
of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead 
tri-ethyl-methyl.’’ Likewise claims 2, 5, 6, 7 and 8. None 
of these claims mentions either lead tetra-ethyl or lead 
tetra-methyl. Claims 2, 7 and 8 additionally require that 
‘‘lead di-methyl di-ethyl” is the predominating one of the 
three named. Claim 3 specifies: “* * * a primary anti¬ 
knock agent comprising a mixture of lead tri-methyl-ethyl, 
lead di-methyl di-ethyl, and lead tri-ethyl-methyl; and lead 
tetra-ethyl, the concentration of the lead being greatest in 
the lead tri-ethyl methyl and lead tetra-ethyl.” Like- 
325 wise claims 11 and 16. The only claims that mention 
lead tetra-methyl are claims 4, 9, 10, 12 and 15. 
Claim 4 specifies: “ • • • a primary antiknock agent com- 
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prising a mixture of lead tri-methyl-ethyl, lead di-methyl 
di-ethyl, and lead tri-ethyl-methyl,; and lead tetra-methyl 
in a concentration not exceeding fifteen percent. ’ * Likewise 
claims 9, 10 and 15. Claim 12 specifies: ** * • • a pri¬ 
mary antiknock agent consisting of lead tri-methyl-ethyl, 
lead di-methyl di-ethyl, and lead tri-ethyl-methyl; • • 
being in that respect like the other claims that specify those 
three as the primary ingredients, and claim 12 further 
states: • and lead tetra-methyl and lead tetra-ethyl 

present in relatively small concentrations.*’ Claim 12 is the 
only one of the claims that mentions all of the five lead 
alkyls, lead tetra-methyl, lead tri-methyl-ethyl, lead di¬ 
methyl di-ethyl, lead tri-ethyl-methyl, and lead tetra-ethyl. 
Claim 12 specifies that the lead tetra-methyl shall he pres¬ 
ent in relatively small concentration. 

7. The patent to Midgley, No, 1,573,846, dated February 
23, 1926, discloses the use of tlie lead alkyl compound, lead 
tetraethyl, Pb(C2H5)4, and other alkyl compounds including 
the isopropyl and methyl compounds, as anti-knock agents 
in gasoline. 

8. The patent to Sullivan, No. 1,938,547, dated December 
5,1933, discloses the method of combining the alkyl radicals, 
methyl, ethyl and propyl with lead to form lead alkyls and 
the use of mixtures thereof as anti-knock agents in gasoline. 

9. The patent to Vorhees, No. 1,974,167, dated September 
18,1934, discloses the use of mixtures of lead hydrocarbon 
compounds in gasoline as anti-knock agents. 

10. The patent to Shappirio, No. 2,012,356, dated August 
27, 1935, discloses a process of making lead alkyl 

326 compounds. The product is a complex mixture in 
which the lower lead alkyls predominate. The prod¬ 
uct is for use in gasoline as an anti-knock agent. 

11. Claims 1, 2, 3 and 4 recite a conventional method of 
operating an internal combustion engine, and recite also the 
use of mixtures of certain lead alkyls as an anti-knock 
agent. The presence of such an anti-knock agent in the 
fuel does not cause the engine to operate by a method 
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wMcjh is different from its method of operation when using 
previously known anti-knock fuels. 

12. Claims 1, 2, 3 and 4 are unpatentable. 

13. The selection of the particular lead alkyls and the 
proportions thereof to be used in the fuel as recited in 
Bartholomew’s claims depend on climatic conditions, the 
particular type of engine being used, and other factors. 
The selection is made as a result of experimentation. 

' 14. There is nothing critical in the proportions of the in¬ 
gredients, more or less indefinitely recited in Bartholo¬ 
mew’s claims at bar. 

15. None of Bartholomew’s claims at bar recites any¬ 
thing amounting to an invention over the disclosures made 
in the patents to Midgley, Sullivan, Voorhees and Shap- 
pirio. 

16. None of Bartholomew’s claims at bar is patentable. 

• Conclusions of Law, 

1. Plaintiff is not entitled to receive a patent con- 

327 taining any of claims 1 to 12, inclusive, 15,and 16 of 
the Bartholomew application at bar. 

' 2. The complaint should be dismissed as to all of said 
claims. 

' MATTHEW F. McGUIEE 

Justice. ' 

328 Filed Mar 29 1944 

Judgment. 

' This cause came on to be considered further at this term 
pursuant to the Mandate of the United States Court of Ap¬ 
peals for the District of Columbia and thereupon, upon con¬ 
sideration thereof, it is this 29th day of March, 1944, Ad¬ 
judged that the complaint be and it is hereby dismissed with 
costs against the plaintiff. 

' MATTHEW P. McGUIEE 

Justice. 
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329 Filed Apr 3 1944 

Notice of Appeal to the United States Court of Appeals for 
' the District of Columbia 

Notice is hereby given that Ethyl Gasoline Corporation, 
plaintiff above named, hereby appeals to the United States 
Court of Appeals for the District of Columbia from the 
final judgment of this court dismissing the complaint which 
judgment was entered in this action on March 29,1944. 

H. FRANK WIEGAND 
233 Broadway 
New York 7, New York 

A. K SHUPE 

1031 National Press Building 
Washington 4, D. C. 

Attorneys for Appellant. 

Memorandum 

April 7 1944 

Bond of $250.00 for plaintiff on appeal approved and 
filed. 
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Appeal No. 8760 

Ethyl Gasolene Cokporateont, appellant 

V. 

Conway P. Coe, Commissioner op Patents, appellee 


APPEAL FROM THE JUDGMENT OF THE DISTRICT COURT OF 
THE UNITED STATES FOR THE DISTRICT OF COLUMBIA 


BRIEF FOB TEE COMHISSIOEER OF PAIENTS 


. HTTBODUCTZON 

This is an appeal from the judgment of the District 
Court of the United States for the District of Colum¬ 
bia (182),^ dismissing appellant's complaint (2-6) 
brought under Section 4915 R. S. (U. S. C., title 35, 
sec. 63), to authorize the Commissioner of Patents to 
issue to the appellant a patent containing claims 1 to 
12, inclusive, 15 and 16 of the application of Bartholo¬ 
mew, Serial No. 99,497, which application is assigned 
to the appellant. 

This case has previously been before this Court for 
review of the action of the District Court in dismiss- 

^The numbers in parentheses refer to pages in appellant’s 
appendix. 
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ing the complaint on the round that the daims are 
unpatentable to Bartholomew because of the disclaimer 
involved in his refusal to make a claim suggested to 
him for the pmpose of interference. The District 
Court held that, under the circumstances, the subject 
matter was to be treated as part of the prior art. This 
holding was reverb by this Court in a decision re¬ 
ported in 139 F. (2d) 372, and the case was remanded 
for “findings and determination on the merits.” This 
Court, however, clearly did not hold, as stated in ap¬ 
pellant’s brief page 4, “that both the Patent Office 
and the District Court had erred in finding that appel¬ 
lant’s claims were unpatentable because of his refusal 
to present the suggested claim.” The holding was 
simply that, in determining the effect of the failure to 
adopt the proposed claim, its subject matter should 
not be treated as prior art. The Court stated that 
“The extent of the estoppel will depend, in the partic¬ 
ular case, upon how the suggested claim is drawn and 
for what reason it is refused by the applicant,” but 
expressed no opinion as to whether, under the circum¬ 
stances of this case, such an estoppel existed. The 
holding was simply that the District Court had ap¬ 
plied an incorrect principle in reaching the conclusion 
that there was an estoppel, and not that, if correct 
principles were applied, no estoppel could be foimd. 

APFELLAnr^ APPmCATZOK 

The appellant’s application (86) discloses an anti¬ 
knock compound for internal combustion engines, com- 
prising lead tri-methyl-ethyl, lead di-methyl di-ethyl, 
and lead tri-ethyl-methyl, to which may also be added 



lead tetramethyl and lead tetraethyl The application 
indicates that considerable variations in. proportions 
may be used to meet different operating conditions. 

TEE BEPEBEECES 

The prior patents relied on are found on pages 155 
to 176, inclusive, of appellant’s appendix. They dis¬ 
close the use of tetraethyl lead and of other lead 
methyl and ethyl compounds of varying volatility and 
mixtures thereof as antiknock agents for use in in¬ 
ternal combustion engines. 

APPEALED CLAIMS 

The appealed claims appear on pages 3, 4, and 5 of 
appellant’s appendix. 

SUMMARY OP ARGUMENT 

1. The Patent Office has not held the appealed 
claims patentable over the prior art. 

2. The claims are extremely broad. 

3. The use of the materials claimed is obvious in 
view of the prior art. 

4. Claims 1 to 4 do not define a new method. 

5. The evidence supports the holdings of the Trial 
Court. 

6. The allowance of claims in other patents is not 
relevant here. 

ARGUMENT 

Before proceeding to a consideration of the merits of 
this case it is desired to point out that, although the 

appellant’s brief states in no less than seven places 

_ • 

that the Patent Office or one of its tribunals has held 
the appealed claims patentable over the prior art. 
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there is no blowing of record that any such holding 
has actually been made. The primary examiner (111) 
rejected all iJie claims of Bartholomew’s application 
as unpatentable over the references now before the 
, Court and later repeated this rejection (114). In a 
I subsequent action (117) the claims were rejected as 
failing ‘‘to clearly define the invention disclosed,” and- 
at the same time a claim, difteriug from any claim 
here on appeal, was suggested for the purpose of inter¬ 
ference. Bartholomew failed to present this claim 
within the time allowed and, in his next action (117), 
the examiner repeated his rejection on the groimd that 
the claims were too indefinite to define the invention 
properly, and also rejected them on the disclaimer 
resulting from Bartholomew’s failure to present the 
suggested claim. 

It is evident from the examiner’s statement, and 
was held by this Court in its former decision, above 
referred to, in this case, that the examiner, in making 
this rejection, treated the subject matter of the sug¬ 
gested claim as part of the prior art. So treated, this 
1 subject matter was, of course, a somewhat clearer an¬ 
ticipation than the prior patents and the examiner, 

' therefore, evidently did not consider it necessary to 
urge the rejection on such patents further. He cer- 
I tainly, so far as the present record shows made no 
affirmative holding that the claims were patentable 
over the prior art. 

i The Board of Appeals (128) merely affirmed the ex¬ 
aminer’s decision. In its‘decision on a request for 
reconsideration (132) the Board said: “It was not in- 
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tended to raise any new ground of rejection in our 
decision/’ On the basis of this statement the appel¬ 
lant, in his brief, page 3, says that the Board ‘-held 
that it did not find any ground for rejection other than 
that stated by the examiner.” The Board clearly did 
not make such a holding as this, but merely stated that 
it did not intend to add a new ground of rejection. It 
expressed no opinion as to whether or not such a 
ground would be valid. 

It is thus clear from the record that neither the ex¬ 
aminer nor the Board has es^ressed the opinion that 
the appealed claims are patentable over the references. 
The allowance of the suggested claim was not a holding 
that the present claims are patentable. This is 
obvious from the fact that the examiner (117) rejected 
these claims in the very action in which he made the 
suggestion. It is clear from the examiner’s statement 
(125) that the suggested claim, in the examiner’s 
opinion, properly defined the invention which Bar¬ 
tholomew was unsuccessfully seeking to define in the 
rejected claims. The examiner’s statement (128) that 
the appealed claims could not be allowed because ap¬ 
pellant has refused a contest ‘‘upon not patentably 
distinguishable subject matter” evidently means 
merely that, if the subject matter of the proposed 
claim be treated as prior art, the appealed claims are 
unpatentable thereover, and is not a holding that the 
appealed and suggested claims are not patentably dif¬ 
ferent in scope, or that the allowance of one amounts 
to a holding that the others are patentable. 


a 

The statement in the appellant’s brief (page 12) 
that “The patentability of' the subject matter of the 
invention over the prior patents was conceded by the 
examiner when asserting that he was acting under 
Patent Office Rule 96, he formulated and presented 
the suggested claim” is rather surprising in view of 
the appellant’s persistent contention that the suggested 
claim does not define any invention made by him. 
This contention is succinctly stated in the following 
portion of Bartholomew’s testimony (65): 

Did the claim formulated by the examiner ex- 
' press your invention? A. No; it did not. 

I In view of this statement, it is not clear how the 
appellant can now contend that the allowance of the 
suggested claim has any bearing on the patentability 
of any invention made by him. 

The appellant’s argument seems to amount to an 
assertion that, if claims are rejected on one ground, 
this is an affirmative holding that there is no other 
conceivable ground of rejection which may be raised 
against them. This, of course, is not the case. It 
would be as logical to argue that a conviction for one 
crime is ^ affirmative holding that the criminal has 
never committed any other. The' examiner merely 
urges what he considers the best grounds of rejection, 
and his failure to urge others does not mean that he 
has considered them and foimd them improper. 

The contention that the Patent Office has held the 
appealed claims patentable over the art has been 
treated at some length because of the great emphasis 
placed on it in the appellant’s brief, rather than be- 


. cause'inf its actual importance. The Tirial Court, on 
the basis of the entire record before it, including the 
Patent Office actions, found that the claims were un¬ 
patentable, and the burden is on the appellant to 
show that this holding is wrong. He cannot, by merely 
filing an appeal, shift his burden to the appellee. The 
exact degree of the burden is not thought to be im¬ 
portant since, as will appear, the claims are clearly 
unpatentable. 

On page 13 of appellant’s brief, the Findings of 
Fact in this case are criticized on the groimd that they 
were ‘‘mechanically adopted by the Trial Justice over 
the objection of appellants.” It is not clear what 
basis there is for the assertion that the adoption was 
“mechanical,” but, in any case, the findings stand or 
fall on their own merits and it is not material how they 
were prepared (^Schilling v. Schwitzer-^ymmins Co., 
Court of Appeals, D. C., decided March‘31, 1944, 61 
U.S.P.Q.73). 

NATUBE OF INVENTION CIATUFJ) 

The appealed claims are extremely broadband recite 
little more than the idea of using certain substances 
in an antiknock compound. No actual i>ercentages of 
mgredients are given in any claim. Some of the claims 
make no statement whatever as to amounts, while 
others contain such indefinite statements as that an 
ingredient is present “in relatively small concentra¬ 
tions” or that the concentration of lead is “greatest” 
in certain of the ingredients. Still other claims 
specify “a concentration not exceeding fifteen percent,” 


but, since they set no lower limit, this is indefim.te. It 
is not suggested that any of the proportions thus 
broadly suggested are critical. Thus the application 
(120) merely states that a concentration less than 15 
I percent is “preferred’’; as contrasted with the state¬ 
ment in appellant’s brief, page 10, that “Bartholomew 
I wains not to use over fifteen percent.” Similarly, the 
application (102) states that the mixture “may have 
a relatively large concentration” of lead tetra-ethyl or 
lead tri-ethyl-methyl. It will also be noted that appel¬ 
lant, in his brief, does not seek to draw any distinc¬ 
tion between the claims containing these indefinite al¬ 
lusions to proportions and those which contain none 
at all. Under the circumstances it is thought that if 
the claims are to be allowed, it must be solely on the 
ibasis of the character of the ingredients used and not 
upon the proportions since the appellant has not shown 
any specific proportioning to be critical nor even 
alleged that it is so. 

i The elaborate discussions contained in Bartholo¬ 
mew’s application and testimony as to the manner in 
which knocking occurs in various cylinders and imder 
various conditions are of little or no pertinence here. 
The claims are directed to the use of particular anti¬ 
knock ingredients and not to theories of operation. 
In fact, although the theory advanced is concerned 
almost entirely with the relationship between the 
charges in the various cylinders, there is not one of the 
appealed claims which even suggests that the engine 
in which the fuel is used has more than one cylinder. 
Moreover, if the use of the compounds claimed was 


obvious in view of the prior art, it cannot be rendere<i 
inventive by theories as to why it is satisfactory 
{Smith V. Hall, 301 U. S. 216). 

USE OF CLATTffED MATERIALS OBVIOUS 

The use of lead compounds for preventing knocking 
is common, and the Midgley patent (157) discloses 
the use of tetra-ethyl lead as well as ethyl and methyl 
lead compounds for this purpose. Further, the Bar¬ 
tholomew application (87) states that “other lead 
compounds, particularly lead alkyl compounds, were 
generally known and some tried.The alkyl com¬ 
pounds include the various ethyl and methyl groups. 
It was also old prior to Bartholomew’s alleged inven¬ 
tion, to employ several different antiJaioek ingredients 
in the same fuel. Thus the Sullivan et al. patent (164, 
lines 80, 81; and lines 136 and 137) clearly contem¬ 
plates the use of several different lead aliyl compounds 
at the same time, and among those mentioned are 
methyl and ethyl compounds. Similarly, the Voorhees 
patent (168) discloses the use of ethyl, propyl or butyl 
lead compounds, it being clearly suggested that several 
may be used at once. It is obvious that both Sullivan 
et al. and Voorhees contemplate the selection of such 
of these compounds as are considered desirable. 

Further, the Shappirio patent (172) not only dis¬ 
closes the use of mixtures of lead derivatives of vari¬ 
ous alkyls, but recognizes the advantages flowing from 
such mixtures, as indicated by the following statement 
on page 4, column 2, line 21 et seq.: 

these complex mixtures of such derivatives are 
desirably present in motor fuels for example. 




since they modify the. action^of eadi other^ 
having a solvent a<^on on each other, and hydro¬ 
carbons and their derivatives to yield homo- 
! geneity, smoother explosion curves, etc. [Italics 
added.] 

Obvioudy, therefore, there was nothing new in the 
conception that mixtures of lead alkyl compounds 
might produce a better result than the individual 
compounds. 

Moreover, it was known prior to Bartholomew’s 
work that each of the ingredients of his claimed lead 
compoimds, namely, trimethyl ethyl, dimethyl diethyl, 
methyl triethyl, tetramethyl, and tetraethyl, could be 
used for antiknock purposes, and lie degree of their 
effectiveness, at least under 100 percent vaporization 
conditions, was also known. This is apparent from 
the chart. Figure 4, of Bartholomew’s application 
(110) and his testimony (46) relative thereto. The 
curve D of this chart is said to show the antiknock 
value of the substances at 100® vaporization, and this 
curve contains each of the-claimed substances. With 
respect to this curve Bartholomew testified (46): 

; Tins mfomaation with respect to the lead alkyls 
I was generally known, perhaps not as accurately 
determined as here, but this particular quality 
' ^ of the alkyls was fairly well known. 

The situation presented, therefore, is tMs: It was old 
to use mixtures of lead alkyls, including methyl and 
ethyl compoimds, as antiknock agents, ^d it was also 
known that each of the particular compounds recited 
in the appealed claims possessed valuable antiknock 
properties. Bartholomew selected these particular 


compounds and now seeks a patent wMch would pre> 
elude others from using them together, in any. propor¬ 
tion, whatever. Such a patent clearly could be sus¬ 
tained only if two conditions were present; first, 
that it would not occur to one skilled in the art to try 
these compounds together and second, that, in any 
proportions whatever, or at least in the proportions 
vaguely indicated in the more specific claims, they pro¬ 
duce an unexpectedly superior result. It seems clear 
that neither of these conditions is satisfied. 

It will be noted that, so far as appears, the separate 
compounds do not affect each other, but each produces 
its own effect, and the total result is the sum of these 
separate effects. Thus, one type of compound is found 
to be good under one set of conditions and another 
under a different set of conditions. By including both 
of them, a product is obtained which is v?^ell adapted 
for both sets of conditions. It would naturally be ex¬ 
pected that the best proportions would vary according 
to the type of engine and service in which the fuel is 
to be used, and Bartholomew’s application (88) states 
that this is the case. The supposed invention, there¬ 
fore, consists merely in combining compounds foimd 
to be effective under different conditions, to produce 
one which will be effective under all conditions. This 
involves no more invention than combining a com¬ 
pound which will kill mosquitoes with one which will 
kill files to produce a preparation which will kill both, 
or making a mixture of salt and pepper to produce a 
combined flavoring material. The proportioning of 
the ingredients will be determined by experiment and 
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will depend on the results desired.' This is not a niat- 
ter involving invention {Alien v. Coe, 135 F. (2d) 11, 
77 U. S. App. D. C. 324). 

Bartholomew’s contribution was clearly one of rou¬ 
tine experimentation rather than one of invention. 
Knowing that various combinations of lead alkyls 
were effective as antiknock compoimds, and that the 
particular ones here claimed were effective individ¬ 
ually, he merely found by experiment that, used to¬ 
gether, they produced, as would have been expected, an 
over-all result superior to that of any one of them 
alone. If this is patentable, then the first experi¬ 
menter to try any new grouping of old compounds 
which produces a somewhat improved product, is en¬ 
titled to a patent. This clearly is not what is con¬ 
templated by the patent statutes. 

It follows that the appealed claims would involve 
no invention even if the claimed compounds produced 
some entirely unexpected superiority. A procedure 
which It is obvious to try cannot be made patentable 
by the fact that the result is better than would have 
been expected (In re Gaureke, 86 F. (2d) 330, 24 C. C. 
P. A. 725; Naamlooze et al v. Coe, 132 F. (2d) 573, 76 

U. S. App. D. C. 313; Minnesota Mining and Mfg, Co, 

V, Coe, 99 F. (2d) 986, 69 App. D. C. 217). As was 
said in the last-cited decision: 

i But a showing of great industiy in experi- 

. I mental research is not in itself sujBficient to con- 
I stitute invention, when the product thereof dif¬ 
fers from those of the prior art only in degree 
i and the result, no matter how useful it may be, is 

! merely one step forward in a gradual process of 

experimentation. 
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In the present case, moreover, there is clearly, no 
evidence which would justify a holding that J]je claimed 
compounds are unexpectedly superior to those of the 
prior art. No evidence of comparative tests has been 
submitted to show superiority over the products of the 
references, or even over the conventional lead tetra¬ 
ethyl The evidence contains nothing more than gen¬ 
eral conclusions drawn by the inventor himself to the 
effect that he has produced a superior product. 

Further, even if it could be held that the specific 
preferred compound disclosed in the application (101) 
is particularly effective, this would not warrant the 
allowance of the appealed claims, which are not lim¬ 
ited to this compound. On the basis of his alleged dis¬ 
covery that one particular proportioning of certain 
compoimds is useful, Bartholomew seeks? to prevent 
others from using these compounds in any proportions 
whatever. There is clearly no evidence that every con¬ 
ceivable proportioning of these compounds would pro¬ 
duce a useful product and it is thus evident that, even 
if Bartholomew has made an invention, the claims do 
not point it out but merely seek to exclude others from 
the entire field in which it lies. 

It is elementary that novelty alone is not sufficient 
to impart patentabilily to a claim (In re Lincoln et dl,, 
126 F. (2d) 477, 29 C. C. P. A. 942). Accordingly, the 
fact, if such it be, that the particular lead alkyls 
claimed by Bartholomew had not previously been used 
together, does not warrant the allowance of the ap- 
pealed claims. It must appear that these substances, 
when used as set forth in the claims, will produce an 
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unexpectedly improved result. This has not been 
done. 

^ NO NEW KETHOD INVOLVED 

The eleventh finding of fact of the Trial Court was 
that claims 1 to 4 do not define new methods of engine 
operation. This is clearly correct. The engine opeiv 
ates in exactly the same manner, regardless of the par¬ 
ticular antilmock agent used. The inventor (65 et seq.) 
testified that he does not eliminate knocking, but 
merely reduces it. Obviously reducing the knocking 
does not produce a new method of engine operation. 
If it did, it would be equally logical to say that the use 
of an automobile using the compound produced a new 
method of transportation. 

i The present situation is similar to that in Ethyl 
Gasoline Corp. et al, v. Z7. S., 309 U. S. 436, in that on 
the basis of an alleged invention of an antiknock com¬ 
pound, claims have been presented to the compound 
per se (claims 15 and 16) to a fuel containing the com- 
poimd (claims 5 to 12) and to a method of engine 
operation consisting in using this fuel in the conven¬ 
tional way (claims 1 to 4). The purpose of the last 
two groups of claims is obviously to extend the ap¬ 
pellant’s control beyond the compound itself, to include 
the fuel in which it is used, and even the use of such 
fuel by the ultimate consumer. This practice was 
condemned by the Supreme Court of the United States 
in the case last cited, and claims which are evidently 
designed to implement such a practice should not be 
allowed. 
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;SVXS>ENCE SUFPOBTS BOLDlNaS 

It is suggested in appellant’s brief that there is “no 
evidence to support the judgment of the District Court 
that the subject matter was unpatentable” over the 

references. Obviously, no evidence other than the 

/ 

patents themselves is necessary to support this holding. 
If the patents disclose the alleged invention claimed, 
or if they so closely approach it as to negative patent¬ 
ability, no further evidence is n^essairy. There is, 
moreover, Bartholomew’s admission (46) that the 
operation of the particular lead alkyls mcluded in his 
claims, under conditions of 100® vaporization, “was 
fairly well known.” There is clearly sufficient evi¬ 
dence to support each of the Trial Court’s findings. 

ALLOWANCE OF OTHEB CLAIUS HOCATEBZAL 

In appellant’s brief (page 13) reference is made to 
two unidentified “recently issued” patents, and it is 
stated that counsel for the appellee “frankly told this 
Court in oral argument” that these patents relate to 
the same general subject matter as the appealed claims, 
and that they “contain broader claims than those here 
at bar.” Apparently the patents referred to are 
Campbell 2,304,883 and Smyers et al. 2,310,376. These 
patents are assigned to General Motors Corporation 
and Standard Oil Development, which own the Ethyl 
Gasoline Corporation, the assignee of the Bartholomew 
application here involved. No attempt has been made 
by the appellant to place these patents in evidence and 
accordingly it is not thought that they can properly be 
considered for any purpose. 


Moreover, the appealed claims mpst, be considered . 

on their own merits, and the allowance of all^edly 

> • 

1 similar or broader claims, elsewhere is not controlling 
(JDyer v. Coe, 125 F. (2d) 192, 75 TJ. S. App. D. C. 
125; Sharp v. Coe, 75 XT.- S. App. D. C. 118; 125 F. 

! (2d) 185; In re Greider et od., 29 0. C. P. A. 1079,129 
F. (2d) 568). 

CONCLUBZOH 

I It is submitted that all the appealed daiTna are 
unpatentable and that the action of the District Court 
in disnrussing the complaint was proper and should 
be affirmed. 

EespectfuUy submitted. 

W. W. COCHBAN, 

Solicitor, United States Patent Office, 

\ Attorney for Appellee, 

E. L. Eetnolds, Of Cotmsel, 
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No. 8760. I 
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I 


ETHYL GASOLINE COEPOBATION, Appellmi, 

i 


V. 


CONWAY P. COE, and/or his successor in ofl&ce. 
Commissioner of Patents, Appellee. 


Appeal from the District Court of the United States iot the 

District of Columbia. 


BEPLY BRIEF FOB APPELLANT. 


STATEMENT. ; 

i 

The substance of appellee’s Brief is that the judgi^ent 
of the District Court should be affirmed because: | 

1. The Patent Office has not held the appeal claims jpat- 

entable over the prior art. j 

2. The claims are extremely broad. 1 

3. The use of the materials claimed is obvious in ^ew 
of the prior art. 

4. Claims 1-4 do not define a new method. 
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5. The evidence supports the holdings of the Trial Court. 

6. The allowance of claims in other patents is not relevant 
here. 

We shall reply to these points in the order in which they 
are presented. But, before doing so, we submit that the 
only issue now before the Court is whether applicant’s 
claims define invention over the four cited patents.- We 
have argued the question of patentability in our main Brief 
and shall not here reiterate that argument. We have also 
described and defined the invention of Bartholomew begin¬ 
ning at Page 6 of our main brief. This Court in its first 
opinion in this case, 139 Fed. (2d) 372 (December 6, 1943), 
correctly and succinctly defined the invention in the first 
paragraph of its opinion. That opinion was written after 
the case had been fully briefed and argued. The invention 
was carefully described to the Court in oral argument and 
the opinion discloses that the Court understood the inven¬ 
tion and grasped the distinction between the claims in¬ 
volved and the state of the art prior to the existence of the 
claims in issue. 

The essence of appellee’s argument now is that appellant 
is not entitled to a patent because the materials claimed 
were obvious in view of the prior art. Of course, that prior 
art, consisting of the four cited patents, was before this 
Court on the first appeal. The Court did not then hold that 
such prior art constituted a bar to the allowance of a pat¬ 
ent to the appellant. 

REPLY TO ARGUMENT OF APPELLEE. 

1. Appellee States That the Patent Office Has Not Held the 
Appealed Claims Patentable Over the Prior Art. 

The history of the proceedings in the Patent Office shows 
that the Patent Office Examiner and the Board of Appeals 
of the Patent Office held, in their final opinion, that the 
claims in issue were not patentable over a claim which had 
been suggested by the Examiner for interference purposes. 



' That was the sole ground for rejecting the applic^t’s 
claims. In both the finding of the Examiner and the <|)pin- 
ion of the Board of Appeals the four cited patents | con¬ 
stituted a part of the record. It is the well established 
practice under Patent Office Rule No. 65 that the reasons 
for the rejection of a claim or claims must be fully and | pre¬ 
cisely set forth by the Examiner. The reason for the i rule 
is apparent and it is a salutary one. Without such a [rule 
no applicant would ever know the ground upon whicl:^ his 
claims are rejected, or when the grounds for rejection 
might be finally exhausted and the proceedings in the Pat¬ 
ent Office come to an end. The rules of procedure in the 
Patent Office, .when not in conflict with any provisiods of 
law, have the full force and effect of statutes. Me\l v. 
Midgley, 31 App. D. C. 534; In re Mraz, 36 App. D. C. ^5; 
Westinglwuse Traction Brake Co. v. Christensen, 243 Fed. 
901; In re Horton, C. C. P. A., 58 Fed. (2d) 682; Urdted 
States ex rel. Steinmetz v. Allen, 192 U. S. 543, 556. ^e 
Patent Office having held that Bartholomew was notj en¬ 
titled to a patent because, a'nd only because, of his failure 
to make the suggested claim, thereby ruled in effect that 
the four cited patents did not constitute prior art against 
his claims. That this is so is emphasized by the fact that 
the four items of prior art were briefed by the Examiner 
before the Board (App. p. 124), and that the Board, wdile 
mentioning them (p. 132) held that the disclaimed claim, 
alone, was the ground of denial of the patent, sayingi (p. 
132) that “it was not intended to raise any new ground of 

rejection in our decision’’. j 

I 

2. !nie Appellee Sta4;es That the Claims are Extremely 

Broad. j 

1 

The claims are specific to a primary anti-knock a^ent 
comprising the three compounds named as primary, wiich 
simply means that one skilled in the art must look to tliese 
three compounds to give the anti-knock agent its real! ef¬ 
fectiveness. The form of the claims was at first objection- 
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able to the Examiner as being too broad or indefinite (App. 
117). They were amended by the applicant (App. 118). 
Thereafter the Examiner held: 

‘‘The claims appear to be in proper form as amended 
and this ground of rejection is withdrawn.” (App. 
120 ) 

It is obvious that the experts in the Patent Office includ- 
. ing the Board of Appeals, have finally held that the claims 
are definite and properly define the invention. There is, 

therefore, no merit in appellee ^s contention to the contrary. 

✓ 

3. Appellee States That the Use of the Materials Claimed is 
Obvious in View of the Prior Art. 

We have defined Bartholomew’s invention beginning at 
Page 6 of our main brief, and show wherein his claims are 
wholly different from the disclosures of the cited patents. 
Among other things, the appellee states in his brief. Page 9: 

“It is obvious that both Sullivan et al and Voorhees 
contemplate the selection of such of the compounds as 
are considered desirable.” 

The fact is that Sullivan et al. and Voorhees make no 
such statement. Sullivan states that his invention relates 
to processes of preparing hydro-carbon compounds of lead 
and it comprises a process wherein a hydro-carbon, for ex¬ 
ample hexone, is disassociated by the action of an electric 
spark to liberate free alkyl radicals such as methyl, ethyl, 
propyl or higher alkyl radicals, and these reaction processes 
are caused to combine with lead whereby lead alkyl com¬ 
pounds are formed. There is no discussion whatever in 
the patent as to which of the alkyls, or combination of 
alkyls, is desirable for any purpose other than anti-knock 
properties generally. He gives no directions as to the 
forming of mixtures or the value of the different mixtures 
(App. 163). 
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Voorhees discloses a method of treating sodium chjloride 
and lead to make tetra-ethyl lead or the like, and to upply 
it to gasoline. He says: 1 

I 

“Although I am not prepared to state the |exact 
nature of lie lead-hydrocarhon compounds in my | gaso¬ 
line I believe that they are more complex in chemical 
structure than the simple alkyl compounds and the 
hydro-carbons contained in general at least fou^ car¬ 
bon atoms.(App. 170, line 97.) | 

I 

Thus the cited patents specifically referred to by tl^e ap¬ 
pellee to substantiate his contention entirely negativ^ it. 

In our main brief, at pages 6 et seq,, we pointed out 
Bartholomew’s problem and the fact that all known thj)ught 
processes, tests, and routine experimentation had be^n ex¬ 
hausted and the problem remained unsolved. Bartholjjmew 
conceived what he thought would be a solution of the prob¬ 
lem. He constructed new test apparatus and charts m or¬ 
der to confirm his conception and prove his invention ^ App. 
29, 30, 31, 44-49, 66). The reading of Bartholomew’s jtesti- 
mony, his application, and the claims, completely explodes 
the appellee’s assumption that the use of the materials' 
claimed is obvious and that Bartholomew’s work was purely 
routineering, and that his result was obtained by e^eri- 
mentation. The fact is that no amount of experimentation 
or routineering would ever have solved the problem. New 
thought processes, new test apparatus, and new charts were 
essential. All of these were essential to Bartholomew’s 
original concept and invention. His was: . . a nev dis¬ 

play of ingenuity beyond the compass of the routineer”. 
Kirsch Mamvfacturing Co. v. Gould Mersereau Compa/nyy 
Inc., 6 Fed. (2d) 793, 794. His claims come withip the 
principle recognized by this Court in Dean Murphy et al. 
V. Coe, 99 Fed. (2d) 995. ! 

“In Bechet v. Coe, 60 App. D. C. 53, 98 Fed. j(2d) 
332, combinations of some five metals, in given [pro¬ 
portions, to form a stain-resisting and deep-drajv^g 
, alloy, were held patentable notwithstanding thej fact 
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that the metals and the proportions came within raises 
previonsly disclosed by others.’’ , ^ 

Appellee’s Brief is obviously directed to the fallacy that 
all Bartholomew did was to experiment or routineer. 
Clearly that is not correct. 

4. App^ee States That Claims 1-4 Do Not Define a New 

Method. 

« 

His argument on this point is set forth at Page 14 of his 
Brief. We have answered this argument at Page 15 of our 
main brief. 

5. Appellee States That the Evidence Supports the Holdings 

of the Trial Court. 

His argument in support of this contention is at Page 15 
of his Brief. Again his principal reliance is on the four 
patents. We have discussed this question in our main brief 
beginning at Page 12. We reiterate that there are no facts 
in the record, including the patents, which in any way sup¬ 
port the holding of the Trial Court to the effect that these 
claims are unpatentable over the cited patents. 

6. Appellee Further States That the Allowance of Claims in 

Other Patents is Not Relevant Here. 

Our position is that the appellee told the Court on the 
former hearing that the Patent Office has issued two pat¬ 
ents on the same general subject matter as contained in 
the claims here in issue. Those patents were issued to 
parties who made the suggested claim and entered into 
the interference proceeding proposed by the Examiner in 
the Patent Office. They were issued during the pendency 
of this litigation. This Court has held that Bartholomew 
did not disclaim his invention by refusing to make the sug¬ 
gested claim. We concede that the allowance of claims in 
other patents is not determinative of patentability here, but 
feel confident that it does negative the appellee’s argument 
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(Brief, p. 5) that “if the subject-matter of the prc^posed 
claim be treated as prior art, the appealed claims a^e un¬ 
patentable thereover.” , 

A MISTAKE IN APPELLEE’S BRIEF. 

The statement is made at page 14 of our adversary’s 
brief that the present situation is similar to that ia l Ethyl 
Gasoline Corporation v. United States, 309 U. S. 436, ^ that 
the claims cover the compound per se, a fuel containijig the 
compound, and a method of engine-operation consist^g of 
using this fuel in the conventional way. To that is ap¬ 
pended the statement that “This practice was condemned 
by the Supreme Court of the United States in the caie last 
cited, ...” Our adversary does not point out tho basis 
for this statement, and upon reading the opinion we iio not 
find any basis for it. j 

CONCLUSION. I 

The judgment of the Court below should again te re¬ 
versed, and the appellee should be authorized to iisue a 
patent to the appellant. j 

i 

Respectfully submitted, j 

I 

I 

Dbuey W. Coopee, I 

233 Broadway, j 

New York 7, N. Y. | 

A. K. Shipb, I 

1031 National Press Bldg., 
Washington 4, D. C., | 

Attorneys for AppeUamt, 


